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PREFACE. 

With the development of such methods of studjdng the arrangement of 
the atoms in crystals as are furnished by the phenomena of the diffraction 
of X-rays, the geometrical theory of space groups becomes of the utmost 
importance. Until recently the work published upon this theory has been 
directed primarily toward the preparation of a statement of all the different 
kinds of symmetry (groupings of elements of symmetry) which are cryBtal- 
lographicidly possible. 

This statement, to be complete, must necessarily give all of the possible 
ways of arranging points in space which, by their arrangement, will express 
crystallographic symmetry. In its most general form such an analytical 
expression of the results of this theory was given by Schoenflies.* Before 
it is applicable to the study of the structures of crsnstals, however, modifica- 
tions in this original representation are necessary. First, there must be 
selected such a portion of the grouping that in its calculated effects upon 
X-rays it can be taken as typical of the entire arrangement. It is thus 
necessary to state a space group in terms of the equivalent positions which 
lie within a unit cell rather than by giving, as Schoenflies does, the equiva- 
lent positions about one point of the lattice underlying the grouping. This 
rather obvious modification has of course been made by those who have 
used the space groups as a guide in studying crystals. The second modifi- 
cation, or rather amplification, is not so readily made. The X-ray experi- 
ments which have already been carried out show that the number of particles 
(atoms) contained in the unit cell is commonly smaller than the number of 
most generally placed equivalent points of the space group having the sym- 
metry of the crystal. The special arrangements of the equivalent points 
(upon axes, planes, and other elements of symmetry), whereby the number 
of most generally placed equivalent positions is reduced, are thus of great 
importance and it becomes essential to be able to state all of them in any 
particular case. Nigglif has already given tlie 'simpler of these special cases. 
For some time the writer has been engaged in working out all of them and 
the following tables are an expression of the results of these computations. 

It was the original intention simply to state these results and to outline 
the method whereby they were obtained. The writer is firmly convinced, 
however, that sure and definite progress in this relatively new field of crystal 
structure can be realized only by making the fullest possible use of the added 
information which the theory of space-groups furnishes; and since any dis- 
cussion of this theory is ahnost completely absent from work publidied in 
English, it has seemed worth while to add a brief introduction in order to 
give such details of the space groups and of their development as seem to 
furnish sufficient backgroimd for the appreciation of the importance of the 
theory in this new field of physical science. 

* EnrstalUorstema und KiystaUftniotar (Leipiic, 1891). 

t GaomatnBche KiystaUographie dM Diioontiniiumt (Leipiig, 1919). 
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IV PREFACE. 

At present a knowledge of the method of derivation is not required by 
the crystal analyst or by the person primarily interested in using the results 
of such X-ray studies. Those interested in the theory as a geometrical 
problem will of course find the development thoroughly given by Schoenflies. 
In the only publication available to English readers Hilton"^ has sunmiarized, 
in excellent form, the work of Schoenflies, introducing at the same time some 
of the methods of representation employed by Federov. A thorough under- 
standing of the manner of developing the theory, however, is best attained 
from a study of the original work of Schoenflies. The discussion in the pres- 
ent book is intended for those who wish only to get a sufl&cient idea of the 
nature of the results of the theory of space-groups so that these results 
can be intelligently used. 

For the substance of this discussion the writer's obligation to Schoeiiflies 
is obvious; the work of Hilton has also been used with entire freedom. In 
the book to which reference has already been made Niggli has given the 
positions within the unit cell (of each space-group) of all of its elements of 
symmetry. This information, while of no aid in the actual determination 
of the structures of crystals, may prove useful in the attempt to derive from 
these structures additional information, such as that bearing upon the internal 
symmetries of their constituent atoms. In comparing the partial analytical 
expression given by Niggli with his results based directly upon those of 
Schoenflies, the writer found that particularly in the case of the tetragonal 
space-groups there were many differences, owing chiefly to the choice of 
different points as the origin of coordinates. Because of the possible 
usefulness of the additional data relating to the positions of elements of 
symmetry that are furnished by Niggli, it has seemed desirable, in spite of 
some loss of logicality, to recalculate these groups so that they would accord 
with those already published. Similar differences exist in orthorhombic and 
monoclinic groups; the changes necessary to reconcile the two descriptions 
are in these cases sufficiently obvious, however, that it has seemed worth 
while only to indicate in some more or less illustrative instances the nature 
of the translations necessary to bring about a general coincidence. 

The writer wishes to express his gratitude to Dr. S. Nishikawa for the 
advice and criticism given him when in 1917 he began to familiarize himself 
with the theory of space-groups. 

Geophysical Laboratobt, 

March, 1921. 

* Mathonatieal Cryftallography (Oxford, 1903). 



CONTENTS. 

Paqi 

Chafter I. Historical Introduction 1-3 

Chafteb II. Nature of the Space-Groups 4-38 

Elements of Symmetry 4 

Point^roups 6 

Analytical Representation of the Point-Groups: 

Tridinic System 11 

Monodinic System 12 

Orthorhombic System 13 

Tetragonal System 14 

Cubic S3rstem 16 

Hexagonal System 18 

Space Lattices 22 

Space-Groups 24 

An Outline of the Derivation of the Space-Groups: 

Triclinic System 26 

Monodinic System 27 

Orthorhombic System 27 

Tetragonal System 30 

Cubic System 33 

Hexagonal System 35 

Chafteb III. The Application of the Theory of Space-Groups to Crsrstals 39-46 

Units of Structure 39 

Space-Groups and Crystab 42 

Special Cases of the Space-Groups 44 

Tlie Treatment of Caldte as a Topical Case 45 

Chapter IV. The Complete Analytical Expression of the Space-Groups 47-180 

Tridinic System: 

A. Hemihedry, Ci 48 

B. fiolohedry, Cj 48 

Monodinic System: 

A. Hemihedry, C, 49 

B. Hemimorphy, Ca 49 

C. Holohedry, Cj 49 

Orthorhombic System: 

A. Hemimorphy, CJ 52 

B. Hemihedi^, V 66 

C. Holohedry, V"" 59 

Tetragonal System: 

A. Tetartohedry of the Second Sort, S4 73 

B. Hemihedry of the Second Sort, V* 73 

C. Tetartohedry, C4 79 

D. Paramorphic Hemihedry, Cj 80 

E. Hemimorphic Hemihedry, C4 83 

F. Enantiomorphic Hemihedry, D4 86 

G. Holohedry, Dj 89 

V 



V 1 CONTENTS. 

Cubic System: 

The Special Cases of the Cubic System 103 

A. Tetartohedry, T 121 

B. Paramorphic Hemihedry, T** 123 

C. Hemimorphic Hemihedry, T** 128 

D. Enantiomorphic Hemihedry, O 132 

E. Holohedry, O** 138 

Hexagonal System — Rhombohedral Division: 

A. Tetartohedry, C3 151 

B. Hexagonal Tetartohedry of the Second Sort, C3 151 

C. Hemimorphic Hemihedry, CJ 152 

D. Enantiomorphic Hemihedry, D3 153 

E. Holohedry, Dj 155 

Hexagonal Ssrstem — ^Hexagonal Division: 

A. Trigonal Paramorphic Hemihedry, Cj 157 

B. Hemihedry with a Three-fold Axis, Dj 158 

C. Hexagonal Tetartohedry, Ce 160 

D. Hemimorphic Hemihedry, CJ 161 

E. Paramorphic Hemihedry, Cj 162 

F. Enantiomorphic Hemihedry, D^ 163 

G. Holohedry, Dj 166 

Summarizing Tables 170 

TABLES. 

Table 1. A Comparison of Some Current Systems of Point-Group (Crystal Class) 

Nomenclature 10 

Table 2. The Unit Cells of Each of the 14 Space Lattices 42 

Tables Summarizing the Numbers of Special Cases of Space-Groups Having 
THE Symmetry of Each of the Systems of Crystal Symmetry: 

Table 3. Triclinic System 170 

Table 4. Monoclinic System 170 

Table 5. Orthorhombic System 171 

Table 6. Tetragonal System 174 

Table 7. Cubic System 176 

Table 8. Hexagonal System — Rhombohedral Division 178 

Table 9. Hexagonal System — Hexagonal Division 179 



THE ANALYTICAL EXPRESSION OF 
THE RESULTS OF THE THEORY 

OF SPACE-GROUPS 



By Ralph W. G. Wyckopf 



vn 



CHAPTER L 

HISTORICAL INTRODUCTION.* 

The investigation of the structure of crystals involves the study both of 
the substance from which the crystals are made and of the way in which this 
material is arranged in space. Until very recently, practically all of the 
information bearing upon the first of these points has arisen from the realiza- 
tion of the probable physical reality of the chemical atom. How these 
atoms are associated together in crystals and whether the chemical mole- 
cule, or some other aggregate of atoms, has the significance in solids which 
it possesses in gases and liquids are questions which have been answered 
only by conjecture and inference. The development in the other direction, 
however, presenting a problem which in its most general statement is inde- 
pendent of current hypotheses concerning the nature of the material from 
which crystals are built, has been capable on the other hand of a far-reaching 
and apparently scttisfactory growth. 

In the days when an atomic structure of matter was a crude working 
hypothesis without any basis in experimentally determined fact, we find 
Robert Hookef reproducing the forms of alum by properly piling up "a 
company of bullets and some few other very simple bodies," very much as 
we represent the structm« of a crystal on the basis of X-ray measurements. 

It was the phenomenon of regular cleavage, however, that supplied the 
evidence upon which early hypotheses of the regular arrangement of the 
material of crystals were based. For instance, Westfeldj! considered calcite 
as built up of tiny rhombohedrons; and Bergman,§ basing his beliefs partly 
on the observation of Gahn that a skalenohedron of calcite yields a rhombo- 
hedron on cleaving, developed what might be called the first geometrical 
theory of cr3n3tal structure. For just as the crystals of calcite could be 
considered as an aggregate of minute rhombohedrons placed parallel to one 
another, so garnet or pyrite or other crystals can be developed similarly from 
certain fimdamental forms. These ideas seem to be essentially the same 
as those held by Hauy.^ He, also, considered cleavage as the guiding 
factor. The cleavage imits, his molecules integrantea, were either tetrahedra, 
triangular prisms, or parallelopipeda, and he showed how crsrstals with vari- 
ously developed faces could be represented by the aggregation of these units. 
These ideas of Hauy were built around the law of rational indices, though 
they were fundamentally independent of it. Many objections to the details 
of the h3rpothesis of Hauy arose, as indeed they must arise against any theory 
based primarily upon cleavage. Not only does the existence of the many 

* Most of the materia! for this introduction is given by L. Sohncke, Entwiekelung einar 
Theorie der Krystallstniktur (Leipsig, 1870). It is given in English and broui^t up to date in a 
report of the Brit. Assoc. 207-337. 1001. 

t Micrographia (London, 1665), p. 85. 

iMineralogische Abhandltingen, StQck I. 1767. 
Nov. Acta. Reg. Soo. Se. Upsal. 1773, i; Opuse. (Upsala) 1780, ii. 
f Essai de Ciistallographie (Paris) 1772; etc. 



2 HISTORICAL INTRODUCTION. 

crystals which show no cleavage necessitate many supplementary hjrpotheses, 
but the observed cleavage of such substances as fluorite (with octahedral 
cleavage) is not readily accounted for by any kind of close-fitting units. 

Simultaneously with the extension of the belief in the atomic nature of 
substances, and perhaps because of this belief, emphasis came to be shifted 
from the shape of the crystal units to the relative positions of their centers 
of gravity as centers of some sort of crystal molecules. Thus there evolved 
from these different speculations the basis for a suitable geometrical study 
in the definite conception of a crystal as composed of units of undefined shape 
repeated in some regular fashion throughout space. 

In such a regular pattern for repeating the crystal unit we have a space 
kUtice, All of the symmetrical networks of points which can have crystallo- 
graphic sjmmietry were found geometrically by Frankenheim.* Some years 
later this was done more accurately and rigidly by Bravais.f As a result of 
his work, Bravais looked upon a crystal as built up by placing units of a 
suitable symmetry all in the same orientation at the points of one of these 
symmetrical networks. Thus the imit of a cubic crystal might have cubic 
or even tetrahedral symmetry, but it could not, for instance, have monoclinic 
or hexagonal symmetry. As a matter of fact, Bravais thought of his units 
as groups of atoms forming some sort of a crystal molecule, though such a 
view is not a necessary part of the geometrical development. In this theory 
of Bravais, in which a crystal is composed of aggregates of atoms repeated 
regularly and indefinitely through space, is to be found the beginning of an 
adequate treatment of the possible groupings of matter in crystalline bodies. 
The objections to Bravais' theory, however, are many and obvious. In the 
first place, all of the space lattices have the complete symmetry of some one 
of the crystal systems, so that, in order to account for the lower degrees of 
S3rmmetry, it was necessary for him to ascribe the degradation in such cases 
to the shape of the ciystal units, or molecues, without at the same time 
being able satisfactorily to ti-eat these units. Again this theory implies a 
distinct restriction, and one which had not been proved necessary, that all 
of the crystal molecules must have the same orientation throughout the 
crystal. 

In the course of a general study of the theory of groups of movements 
Jordanit g^^^ & perfectly general method for defining all of the possible ways 
of regularly repeating an identical grouping of points indefinitely throughout 
space. By combining this treatment of Jordan with the principle (laid 
down by Wiener) that regularity in the arrangement of indentical atoms is 
attained when ''every atom has the other atoms arranged about it in the 
same fashion," Sohncke§ eventually deduced all of the typical ways of regu- 
larly repeating identical groupings of atoms throughout space so that the 

* Die Lehre von der Coh&aon (BresUu, 1835). 

t Joum. de r£cole Poly tech. (Paris) XIX, 127. 1850; XX, 102. 1851. 
1 Annali di matematica pura ed applicata (2) 2, 167, 215, 322. 1860. 
§ L. Sohncke, op. cit. 



HISTORICAL INTRODUCmON. 3 

total assemblage will possess crystallographic symmetry.* This method of 
treatment in attacking the problem of the arrangement of the points within 
what was the crystal unit or molecule of Bravais brings the problem towards 
its final solution. 

None of the systems of Sohncke can be made to account in an entirely 
satisfactory manner for the enantiomorphic (mirror-image) characteristics of 
many crystals. Schoenfliesf was led to consider that every point of an 
assemblage must have all of the other points ranged about it in a ''like fash- 
ion," where "likeness" may refer either to an identical arrangement or to 
a mirror-image similarity. Starting from this basis, he obtained the 230 
space groups which represent all of the possible typical wa}^? of arranging 
(symmetry-less) points in space so that the grouping will possess the 83rm- 
metry of one of the thirty-two crystal classes. The same derivation of the 
space groups was accomplished independently by Federovit and by Barlow, 
but at present the work of Schoenflies is the most useful because it is pre- 
sented in a form that is of immediate appUcation. With the aid of this 
final theory of space groups the different degrees of S3rmmetry exhibited by 
crystals can at last be traced back definitely and precisely to the arrangement 
of the atoms in the crystals (without postulating any characteristics of sym- 
metry for them). 

Besides indicating the elements of S3anmetry which are characteristic of 
each of the 230 typical ways of arranging points in space, Schoenflies gives, 
in general terms, the coordinates of the points in each of these groupings 
which are equivalent to one another. 

The discovery of the diffraction of X-rays and the consequent develop- 
ment of the physical methods for studying the structure of cr3rstals have made 
this analytical expression of the results of the theory of space groups of the 
utmost importance. It is the purpose of the present work to give these 
results a detailed expression, thereby putting them into a form in which they 
will be immediately useful as an aid to the study of the arrangement of the 
atoms in crystals. X-ray experimentation thus far carried out shows that 
the special cases which result when equivalent points (the atoms in crystals) 
lie in some element or elements of symmetry, such as axes or planes, are the 
ones which are physically most important. As a consequence the prepara- 
tion of this detailed expression, in so far as it introduces material which is 
not outlined in the work of Schoenflies, has made necessary the working out 
of all of these special cases for all of the space-groups. 

* At first Sohncke seems to have been inclined to view all of the points of a point system as 
regular and all of one kind. When the insufficiency of this theory was emphasised he postulated 
the presence of a few different kinds of points (which can be made to correspond with different 
kinds of atoms). The partial grouping composed of the points of any one kind is homogeneous; 
at the same time the different groupings all have the axes and the other elements of symmetry 
in common. 

t A. Schoenflies. Krystallsysteme u. Krystallstruktur (Leiptig, 1891). 

t E. Federov. Z. Kryst. $4* 209. 1895; W. Barlow. Z. Kiyst. tS, 1. 1894. Federov's work 
appeared, in Russian, before that of either of the other two. 



CHAPTER U. 

NATURE OF THE SPACE - GROUPS. 

ELEMENTS OF SYMMETRY. 

Axes of symmetry. — ^An axis of rotation of a figure* is a line about which 
the figure can be rigidly tiuned. The angle of the rotation is the angle 
between the final and initial positions of a plane which contains the axis 
of rotation. A figure is said to possess an axis of sjnnmetry when rotation 
through a definite angle about an axis of rotation will cause the figure to 
assume the same point-for-point configuration that it originally possessed. 
The angle of the rotation about an axis which is required to bring about 
this coincidence is called the angle of the axis of symmetry. Every figure 
has an infinite mmiber of 2ir axes of S3mmietry; that is, a complete rotation 
of 360^ about any line through a body will cause it to assimie its original 
configuration. The operation of such a 2ir (one-fold) axis is called the iden- 
tical operation of symmetry (or simply the identity). If a rotation of 180^ 
is 8u£Gicient to effect a coincidence, the axis of rotation is a 180^, or two-fold 
axis of synmietry ; more generally, an n-fold axis of symmetry is one for which 

2ir 
a rotation of angle — brings about coincidence. One-, two-, three-, four- and 

six-fold axes are found in crystals (and in figures possessing crystallographic 
synunetry). (Figure 1.) 
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FiQ. 1. The crystaUographically significant rotational axes of 83anmetry. 

FloLiM of symmetry. — In figure 2 the line POP' is perperdicular to the plane 
ABCD. If then PO equals OP' in length, the point P' stands in a mirror- 
image relation to the point P. If a plane cat) be passed through a figure so 
that every point of the figure upon one side of this plane has a corresponding 

^ By a figure is meant any sort of a collection of points, lines, planes, and so on. 

4 



ELEMENTS OF SYMMETRY. 5 

point in a mirror-imag^ position upon the other side of the plane, the plane 
is a plane of symmetry. 

Center of symmetry. — ^A point of a figure is a center of symmetry if a line 
drawn from any point of the figure to it and extended an equal distance 
beyond will encounter a point corresponding to the arbitrarily chosen point. 
(Figure 3.) 





Fig. 3. O is the center of symmetry of a figure in 
which P and Pi are coxrespondmg points. 



Screw-axes of eymmetry. — ^A figure is said to experience a translation when 
every point of the figure is moved by the same amoimt in the same direction. 
A rotation about an axis accompanied by a translation along the axis of 
rotiition is called a rotary translation. This screw-motion must be defined 
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both by 
The axis 
axis. If 



the angle of the rotation and by the amount of the translation, 
of the rotation (and the line of the translation) is called a sorew- 
such a rotary translation will bring the points of a figure into co- 
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Fio. 4. Tlie crystallographically significant screw axes oi symmdtty. 

incidence, the axis of the motion is a screw-axis of symmetry. In a figure 
having crystallographic synmietry these screw-axes may be one-, two-, three-, 
four- or six-fold. (Figure 4.) 

Olide planes of symmetry. — If a figure 
can be brought into point-f or-point co- 
incidence by a reflection in a plane 
combined with a translation of a defi- 
nite length and direction in the plane, 
the plane is called a glide plane of 
symmetry. In this case the transla- 
tion-reflection must be defined both by 
the position of the plane and by the 
length and direction of the translation. 
(Figure 5.) 

POINT-GROUPS. 

The thirty-two ways of suitably com- 
bining these planes, axes, and centers 
of synmietry give the elements of sym- 
metry which are characteristic of the 
32 classes of crystallographic symme- 
try. Each one of these combinations of 
symmetry elements is a point-group. Thus, a point-group may be defined by 
stating either the elements or operations* of synmietry which characterise it. 



*r 




Fig. 5. Pi is a i^de refiection of P in the 
plane shown in the figure. 



* By an operation of flyaznetry is meant eny movement which will bring about a point-for- 
polnt ooineidenoe. For instance, a siz*fold aiis of rotation possessw sis operations of symmetry 
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The elemcDts of symmetry characteristic of each of the 32 point-groups 
will now be given. 

The cyclic groups have only one axis of synmietry. They may be written 
symbolically as 

where n may be either 1, 2, 3, 4 or 6. A will be taken as the Qrmbol of a 
rotation so that the term within the braces is to be considered as defining a 

rotation of angle — . 



n 



2t 



DiSder-groups have one principal axis of symmetry of angle — and n two- 
fold axes in a plane at right angles to the principal axis. 

i..{a(|),u}, 

where U (Umklappung) will be used to represent the two-fold rotation of 
the secondary axes. The value of n may be 1, 2, 3, 4 or 6. The group Di 
is clearly identical with Cs, however. The positions of the axes of the other 
groups are shown in figure 6. The group for which n — 2 f mnishes the spe- 
cial case of three two-fold axes at right angles to one another; this group is 
more commonly known as the vierer-group and is designated as V. 
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Fio. 6. 

The • tetrahedral group (&fymbol»T) has 3 two-fold axes at right angles 
to one another QSikib the vierer-group) and 4 three-fold axes so placed that if 
the two-fold axes are taken to bisect the sides of a circumscribed tetrahedron, 
the 4 three-fold axes will each one pass through the point of intersection of 
the two-fold axes and through one of the corners of the tetrahedron (figure 7). 

The octahedral group (s3rmbol»0) has 3 four-fold^ 4 three-fold, and 6 
two-fold axes arranged in the same manner as are the altitudes, the body- 
diagonals, and the face-diagonals of a cube (figure 8). 

The groups which have so far been considered require only simple rota- 
tion axes for their expression; they are commonly called groups of the first 
sort. Those that now follow are groups of the second sort. 
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Cyclic groups of the second sort possess one screw-axis of symmetry 



-m}- 



where the symbol in brackets may be taken as a rotary translation of angle 

—• The value of n may be 1, 2, 3, 4 or 6. When n= 1 the rotary translation 

is clearly equivalent to a reflection in a plane at right angles to the axis of 
rotation. Thus, in figure 9a the rotary translation of angle 2ir will bring 
the point P to the position Pi; this operation is, however, equivalent to a 




Fig. 7. 

reflection in the plane through O normal to pp', where Op is equal to one- 
half of the length r of the translation component of the rotary translation. 
When n » 2, the resulting rotary translation Op is equivalent to an inversion 
through the point O of figure 9b. These two groups may thus be written 

Ci-{A(2t))«{S} and C={AW} = {I} 

where S (Spiegelung) stands for a reflection and I for an inversion. In a 
similar fashion it wH be seen that when ns4, this group is identical with 

one obtained by combining a rotation a(^ with a reflection S, in a hori- 
sontal pkme of symmetry. Thus 



^'-KOI-KO'^}-^- 



Other groups of the second sort can be obtained by combining a principal 
axis of rotation with a plane or with a center of S3rmmetry. Three types of 
such groups having but one axis of symmetry are possible: (1) when the plane 
of symmetry is normal to the axis of efymmetry (a horizontal reflecting plane), 
(2) when the plane of symmetry contains the axis of symmetry (a vertical 
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reflecting plane) and (3) when the new element of symmetry is a center of 
S3rmmetry. These three types may then be written 

(1) Cil= {Cn, Sh} (2) C;= {Cn, Sv) (3) Ci= {Cn, 1} 

It can be shown that if n is odd, all three of these t3rpes are possible. When, 
however, n is even, the number of different groups for any value of n is but 
two. The groups of this sort that are thus possible are the following: 

When n = l. — The group CJ is clearly the same as the group Cl; further- 
more it is identical with the group Ci. Similarly the group Ci is identical 
with the group C,. 





Fig. 8. 



WhennB2,4or6. — C$sCli, so that groups of the types Q^Ci and Cj are 
possible. 

When ns3. — ^Point-groups of all three types are possible. 

Some new groups arise by combining the axes of a group of the type D^ 
with a reflection plane. The plane of S3rmmetry may lie in the horizontal 
position (normal to the principal axis of symmetry) ; if it lies in the vertical 
position new groups will be obtained only when the plane bisects the angle 
between secondary axes (a diagonal plane). It can furthermore be shown 
that in the latter case groups of crystallographic significance will be obtained 
only when nB2 and when n^S. Thus, when n»2, 3, 4, or 6, we have the 
new groups 

The groups T** and T^ arise from the tetrahedral group, T, by combining 
the axes of T with a horizontal and with a diagonal-vertical reflecting plane, 
respectively. One new group, 0^, can be produced from the octahedral 
group O. 

All of the 32 groups have now been defined. On the basis of their total 
sjrmmetry these 32 point-groups can be placed in 6 (or 7) qrstems, the systems 
of crystallographic symmetry.* This classification of the point-groupe is 
given in Table 1, together with the names of the classes of cr3rstal symmetry 
(according to Schoenflies, Dana, and Groth) corresponding to each. 

* A bans for thia olaasification will become evident when the point-groupe are diaouaied eep* 
arately and giyen an analytical expreeebn. 
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NOMENCLATURE OP THE POINT-GROUPS. 



Table 1. 











III 


ByiwHil. 




ChM of agrmmetir. 




-c ff • o 






SoHoairyuai. Daxa. 


Qaoth. 






I. 


TrioUnie system: 






1. Ci 




Hemihadry A«yminecrie 


AeymmeCrlo pedial 


1 


2. ^«8i-Ci 




Holohedry Normal 


Pinaooidal 


2 


^B • 


II. 


MoDodime qntcin. 






8. Ci-Cf-C. 




Hemihedry CUaohedral 


Domatie 


2 


4. Ci 

• 




Heiniiiiofi>hie hemihedry Hemimorphic 


Monoclinic aphenoidal 


2 


5.CJ 


III. 


Holohedry Normal 
Orthoraombic eyetem. 




4 


•.c; 




Hemimorphie hemihedry Hemimorphic 




4 


7. Di-V 

• • 




BDantiomorphio hemihedry SphenoidaJ 


Rhombic biephenoidal 


4 


8. dJ-V* 




Holohediy Normal 




8 




IV. 


Tetnconal vyrtem. 






0. 84 -Ci 




TetartohedryofMoondeort Tetartohedral 


Tetragonal biq»henoidal 


4 


1 10. V**-Df 




Hemihedry of aeoond sort Sphenoidal 




8 


11. C« 




Tetartobediy Pyramidal hemimorphic 


Tetragonal pyramidal 


4 


^ u. cj 






Tetragonal bipyramidal 


8 


! »c: 




Hemimorphic hemihedry Hemimorphie 


Ditetragonal pyiamida] 


8 


14. D4 






Tetragonal trapeaohedral 


8 


15. dJ 


V. 


Holohedry Normal 
Cubic eyitem. 


Ditetragonal bipyramidal 


16 


16. T 




Tetartohcdry Tetartohedral 


Tetrahedral pentagonal dodc- 
oahedral 


12 


17. 1* 




Parmmorphio hemihedry Pyritohedral 


IHaeiedodecahedral 


24 


18. T** 




Hemimorphic hemihedry Tetrahedral 


Hezadatetrahedral 


24 


10. O 

• 




finantiomotphio hemihedry Flagihedral 




24 


20. O" 


VI. 


Holohedry Normal 

Hexagonal aystem. 

fiAomdoAMfroi DmciPfi 




48 


21. Gi 

• 




Tetartohedry 24. 


Trigonal pyramidal "^ 


3 


22. c; 




Heyonal tetartohcdry of Trirfaombohedral 
•eeondeort 


Rhombohedral -^ 


6 


28. C7 








6 


'24. D» 
25. dJ 




Enantiomotphio hemihedry Trapeiohedral 


Trigonal trapeaohedral'^ 


6 




Holohedry Bhombohadxal 


Ditrigonal aoalanohedral <* 


12 


26. Cf 




B^aaa^tdl Dtmcion 


• • « 






T^onal paramorphio hemi- 28. 


Trigonal bipyramidal ^ 


6 


. 




hedry 






27. dJ 




TVigonal holohedry Trigoootype 


Ditrigonal bipyramidal ^ 


13 


28. Cc 
20. Cj 








6 




Paramorphio hemihedry Pyramidal 




12 


80. Cj 




Hemimorphie hemihedry Hemimorphic 


Dibestagonal pyramidal v 


12 


81. Dt 




Enantimorphio hemihedry Trapesohedral 


Hexagonal trapesohedral \ 


12 


82. dJ 




Holohedry Normal 




24 



Note. — ^It may be remarked that the numbers of the first column have no particular aig- 
nJfio^OO ftnd do not refer to any of the current ssrstems of designating symmetry classes. 
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The analytical expression of the point-groups. — On the basis of the defini- 
tions of the 32 point-groups, the operations of S3rmmetry (footnote on page 6) 
that characterize each of them can be immediately written. Fmiiiermore, 
it is evident that if any point, x, y, z, is subjected to each of the operations of 
a point-group, a group of equivalent points will result whose efjnnmetry is 





Fig. 9. 

that of the point-group; thus its anal3rtical expression is obtained. The 

operations of synunetry which are characteristic of each of the point-groups 

will now be stated and through them analytical representations given to each 

of these groups. 

TRICLINIC SYSTEM. 

Poinirgroup Ci. — TbiB group has but one element of Qrmmetry, the identical 
operation (symbols 1). Since the identity brings any point x, y, z into 
coincidence with itself, any single point, xyz, serves as an analytical rep- 
resentation of this group. The coordinate axes to which these coordinates 
refer obviously can be any three lines in space, of unequal unit lengths and 
making unequal angles with one another. Such axes will be called the tri- 
clinic axes of reference. They are equally serviceable for the point-group, 
Ci, which follows. 

Pointrgroup Ci. — ^The operations of symmetry characteristic of this group 
are the identity (obviously an operation of every group) and an inversion 
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THE MONOCUNIC POINT-GROUPS. 



(qrmbol^I). Since an inversion through the origin of coordinates changes 
the signs of all three coordinates (figure 3) the operations of symmetry and 
the coordinates of equivalent points of this point-group are 

Operations of symmetry: 1, I. 

Coordinates of equivalent points: xyz; sys. 



MONOCLINIC SYSTEM. 

In their analytical expressions all of the point-groups having the symmetry 
of this system can be referred to a system of axes, two of which (the X- and 
Y-axes) make any angles with one another; the third axis (the Z-axis) is normal 
to the plane of these other two. The Z-axis consequently is taken to coincide 
with the principal two-fold axis, where such exists. 

PoirUrgroup C,. — ^The single operation of S3nnmetry (besides the identity) 
of this group is a reflection to be taken in the horizontal (XY-) plane. Since 
such a reflection (symbol ^^Sn) changes the sign of the z-coordinate (flgure lO), 
the operations and equivalent and equivalent points of this group are 

Operations of symmetry: 1, S^. 

Coordinates of equivalent points: xyz; xy3. 




Fig. 10. 



Fio. 11. 



PoifUrgroup C3. — A two-fold rotation about an axis (the Z-axis) normal 
to the plane of the other two axes of coordinates, changes the signs of these 
two coordinates (figure 11). Consequently the point-group Ca can be ex- 
pressed as 

Operations of sjnmmetry: 1, A(t). 

Coordinates of equivalent points: xyz; 5cyz. 

PaifUrgroup CS. — Since this group is developed by mirroring C2 in a hori- 
zontal (XY-) plane of 83rmmetry, it is to be expressed as follows: 

Operations of symmetry: 1, A(t), Sh, A(T)Sh. 
The operation whose symbol is A(ir)Sh, the product of A(ir) and Sn, is to 
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be iinderstood as a two-fold rotation followed by a reflection in the hori- 
zontal plane.* 

Coordinates of equivalent points, xyz; 5^yz; xy2; 5tf2. 

ORTHORHOMBIC SYSTEM. 

The orthorhombic axes of reference are three mutually perpendicular 
axes of unequal unit lengths. 

Point-group C2. — Since reflection in a plane containing two of the axes 
of reference and normal to the third changes the sign of the coordinate value 
for the third (confer C^), this point-group may be expressed as 

Operations of symmetry: 1, A(t), S^, SvA(ir). 

Sy is a reflection in a vertical plane (taken through Y and Z). 

Coordinates of equivalent points: xyz; 5cyz; xyz; xjrz. 




Fio. 12. 

Pointrgrowp V. — The rotations about the three mutually perpendicular 
two-fold axes will be designated as U, V, and W (figure 12). 
Operations of symmetry: 

1, U, V, w. 

Coordinates of equivalent points: 

xyz; xyz; xyz; syz. 

Poinlrgroup V**. — ^As usual, the XY-plane is taken as the horizontal mir- 
roring plane. 

Operations of synmietry: 

1, U, V, w, S^ us,„ VS,^ ws,». 

Coordinates of equivalent points: 

xyz; xyz; xyz; xyz; xyz; xyz; xyz; syg. 

^ The order of combining the operations in such a product is immaterial. It could equally 
well have been called a reflection followed by a two-fold rotation. 
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THE TETRAGONAL POINT-GROUPS. 



TETRAGONAL SYSTEM. 

The three tetragonal axes of reference, mutually perpendicular to one 
another, are two (the X- and the Y-axes) of equal unit length. 
PoirUr-growp €4 = 84. — 
Operations of sjrmmetry: 



1, S^A 



(i> 



A(ir)*, S.^ 



(t> 



Coordinates of equivalent points: 
xyz; yxz; xyz; yxz. 



PoirU-group C4. — As we have just seen, the rotation of angle x about the 

Z-axis interchanges the X and Y coordinates and leaves the new X-coordi- 
nates reversed in sign (figure 13). 



J^'T 



yx 






Fio 13. 



Operations of S3rmmetry: 

1, a(|), a(t), 



■m 



Coordinates of equivalent points: 
xyz; yxz; xyz; yxz. 

PoifUrgroup V^. — The diagonal reflecting plane contains the Z-axis and 
bisects the angle between the X- and Y-axis. Reflection in such a plane 
(Sd) interchanges the X- and Y-coordinates (flgure 14). 
Operations of symmetry. 

1, U, V, W, Srt, USa, VSa, WS^. 

Coordinates of equivalent points. : 



xyz; 



xyz; xyz; xyz; yxz; 



yxz; 



yxz; yxz. 



* This arises from the observation that two reflections in the same plane nullify one another. 
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Pcinirgroup CJ. — 
Operations of symmetry: 



1, Al 



(0- 



A(t), a 



m 



Sfc, SfcA 



©• 



ShA(ir), SfcA 



m 



This may be more conveniently written as C5= {C4, Snj, signifying that the 
operations of C4 are those of C4 pins the reflections of these operations in 
the horizontal plane.* 




Fio. 14. 

Coordinates of equivalent points: 

xyz; yxz; Icyz; yxz; xyz; yx3; 3cyz; jrH. 

These coordinates illustrate the fact, of which use will commonly be made 
in the work which follows, that a two-fold rotation about an axis combined 
with a reflection in a plane normal to the aids is equivalent to an inversion 
(figure 16). Thus CSb{C4, 1} is an alternative expression of the point- 
group CS. In this latter case the coordinates of equivalent points would be 
written in the following order. 

3rXz; Xy2; 



Xyz; 



yx2; xyg; yx§. 



xyz; yxz; 

PoifUrgroup Q. — 
Operations of S3rmmetry : 
CI={C4,S^}. 

S^ is again a mirroring in the vertical, YZ-plane. 
Coordinates of equivalent points: 

xyz; yxz; xyz; y5cz; xyz; 

PoirUr-growp D4. — The four two-fold axes lying in the XY-plane coincide 
with the X- and Y-axes and bisect the angles between them (figure 6). The 

* In the future this abbreviated representation will be uaed when no ambisuitlee are thereby 
introduced. 



yxz; xyz; yXz. 
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TETRAGONAL AND CUBIC POINT-GROUPS. 



operations of symmetry of D4 may consequently be obtained by applying 
the operations of one of the two-fold axes (the one coinciding with Uie X- 
axis will be employed) to those of C4. 

Operations of symmetry: 

D4-{C4,U}. 

Coordinates of equivalent points : 

xya; fxz; xyz; yXa; xfz; yXz; Xy2; yxf. 

If other two-fold axes were used, the order of the last four coordinate values 
would be changed. 




Fig. 15. 
Point-group D5. — 

Operations of symmetry: 

DS={D4,S,| = {D4,I}. 
Coordinates of equivalent points: 

xys; fxz; 5cyz; yxz; xy2; yX8; Xyz; yx2; 

xyz; yxz; xyz; yXz; xyz; yXz; Xyz; yxz, 

CUBIC SYSTEM. 

The cubic axes of reference are three mutually perpendicular axes with 
units all of the same length. 



PoMrgroup T. — 
Operations of symmetry: 

1, u, 



<¥) 
<T> 






W, 
A<f) 
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A, Ai, As, Aj are rotations about the trigonal axes of a, ai, at, a« of figure 7. 
Coordinates of equivalent points: 

!xyz; xy2; xy2; xyz; 
zxy; 2xy; z5cy; zsy; 
yzx; yzx; yzx; yzx; 

Paint Group V.— 
Operations of symmetry: 

'P={T,S,,} = {T,I}. 

In writing the coordinates of equivalent points the second of the representa- 
tions will be used. 

Coordinates of equivalent points: The 12 coordinate positions of T, and 

!5cyz; 5cyz; xyz; X3^; 
zxy; zxy; zxy; zxy; 
yzx; yzx; yzx; ySx. 

PoirUrgroup T"^. — The diagonal mirroring plane is taken to bisect the angle 
between the X- and Y-axes. 
Operations of symmetry: 

T-={T,S,}. 

Coordinates of equivalent points: The 12 coordinate positions of T| and 

iyxz; yxz; yxz; yxz; 
xzy; xzy; )czy; xzy; 
zyx; zyx; zyx; zyx. 

Pcintrgrowp O. — 
Operations of symmetry: The 12 operations of T, and 



u., u. B(r) B(f), 



Wi, W„ B 

Rotations about the various axes of figure 8 are represented by the corre- 
sponding capital letters. The four-fold axes b, bi and bs have the positions 
of u, V and w of figure 7. 

Coordinates of equivalent positions : The 12 coordinate positions of T, and 

!yxz; yXz; yxz; yxz; 
Xzy; Xzy; xzy; xzy; 
zyX; zyx; zyx; zyx.* 

* The order of writtng these coordinates has been changed about to make it conform with its 
later uses. 
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Point-iproup O*. — 
Operations of symmetry: 

0^={0,S,} = {0,I}. 

Coordinates of equivalent positions: The 48 coordinate positions of 

I, II, III, and IV. 

HEXAGONAL SYSTEM. 
Rhombohedral Division. 

The point-groups of this division will be described in terms of two kinds 
of axes of reference. The rhombohedral axes (1), all of the same unit length 
and making equal angles with one another, are arranged symmetrically 
about the three-fold axis (figure 16). Two of the hexagonal set of axes (2) 
are of equal unit lengths and make an angle of 120^ with one another (figure 
17) ; the third, the Z-axis, is of a different unit length and is normal to the 
plane of the X-and Y-axes. This second set is thus a special case of the 
monoclinic axes; the cubic axes, on the other hand, are a special case of the 
rhombohedral (1) axes. Coordinates according to the rhombohedral axes are 
given below under I, according to the hexagonal axes under II. 




Fig. 16. 

PoifUrgroup Cs- — 
Operations of synunetry : 



c^) <^> 



I, A 

Coordinates of equivalent points: 

I. xyz; zxy; yzx. 

II. xyz; y-x, x, z; y, x-y, z.* 

Paintifroup Ci. — 
Operations of symmetry : 

Cg = { C3, 1 1 . 



^ A reference to figure 17 will show the source of these coordinate values. 
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Coordinates of equivalent positions: 

I. xyz; zxy; yzx; 5gr2; 2Xy; fK. 

11. xyz; y-x,x, z; y,x-y, z; Xyz; x-y,x,z; y,y-x,2. 

Paint-group CJ. 

Operations of symmetry : CJ = { Cs, Sy ) . 

This vertical reflecting plane can have two possible positions, one containing 
both the X- and the S^axes (hexagonal axes II), the other containing the 
Z^axis and a line in the XY-plane which makes an angle of 30^ with the X-axis 
(see figure 26). The reflection in a plane occup3dng the first of these two 
positions will be designated as S^, the reflection in the other plane by S,. 
Coordinates of equivalent points: 



\ 



N^^^-iica: — y^ 



F^ 




JL 



Fia. 17. 



xyz; 



zxy; yzx; 



I. 
yxz; 

II. 



xzy; 



zyx. 



When Cl«{Cs, Sal : 

xyz; y-x, S, z; y, x-y, z; x-y, y, z; yxz; X, y-x, z. 
WhenCl={Ca, S.): 

xyz; y-x,x,z; y, x-y, z; y-x, y, z; yXz; x,x-y, z. 

PoifUrgroup Da. — 

Operations of symmetry: D8= {Cs, U}. 

The two-fold axis of rotation may he either in the X-axis or in a line in the 
XY-plane which makes an angle of 30^ with the X-axis. A rotation about 
the first-named axis will be called Ua, about the second, U.. There may thus 
be two different sets of coordinates of equivalent points for the point-group 
Ds corresponding to the two sets already defined for C}. 
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Coordinates of equivalent points: 

I. 
xyz; zxy; yzx; fxS; t2y; zyx. 

II. 
WhenDa={C,, Ua}: 

xyz; y-x,x, z; y, x-y, z; x-y,y,i; yxz; x,y-x,f. 

WhenDa={C,,U,): 

xyz; y-x,x, z; y,x-y, z; y-x,y,z; yxz; x,x-y,z. 

PoifUrgraup D$. — It can be shown that this point-group arises from the 
combination of Da with an inversion. Just as there are two ways of ex- 
pressing Da in terms of hexagonal axes of reference (depending upon the 
position of the two-fold axis) so there must be two ways of expressing DJ. 

Operations of S3rnmietry: 

Da={Da,S.} = {Da,I}. 

Coordinates of equivalent points: 

I. 

xyz; zxy; yzx; yxz; xzy; zyx; 
xyz; zxy; yzx; yxz; xzy; Z3rx. 

II. 
When the operation of the two-fold axis is 11*: 

xyz; y-x, x, z; y, x-y, z; x-y, y, z; 
Xyz; x-y, X, z; y, y-x, z; y-x, y, z; 

When the operation of the two-fold axis is U,: 

xyz; y-x, x, z; f, x-y, z; y-x, y, z; 
xyz; x-y, X, z; y, y-x, z; x-y, y, z; 

Hrzagonal Division 
The point-groups of this division of the hexagonal system will be expressed 
only in terms of the hexagonal axes. 

PoirUrgroup CJ. — 
Operations of symmetry: 

CJ^ICa, Sh}. 

Coordinates of equivalent points : 

xyz; y-x, X, z; y, x-y, z; xyz; y-x, x, z; y, x-y, z. 

Point^oup DJ. — 
Operations of symmetry: 

DJ«lDa.S,»l. 



yxz; 


X, y-x, a. 


yx«; 


X, x-y, t. 


yx§; 


X, x-y, i; 


yxz; 


f , y-x, a. 
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Just as there are two ways of expressing Da, so there will be two ways of 
stating DS. 

Coordinates of equivalent points: 
When the two-fold axis has the position of the X-axis (Ua) : 

xyz; y-x, X, z; y, x-y, z; x-y, y, z; yxz; X, y-x, «; 
xy2; y-x, X, 2; y, x-y, z; x-y, y, z; yxz; X, y-x, z. 

When the two-fold axis makes an angle of 30^ with the X-axis (U.) : 

xyz; y-x, X, z; y, x-y, z; y-x,y, z; fx2; x, x-y, 2; 
xyz; y-x, X, z; y, x-y, z; y-x, y, z; yXz; x, x-y, z. 

Poinl-group C^. — 

The operations of this group can be written as those arising from the opera- 
tion of a 60^ axis of symmetry. Taken thus the operations of Ce are : 
Operations of symmetry: 

I. a(|), a(|), aw, A(f). a(|). 

Coordinates of equivalent points: 

xyz; y, y-x, z; y-x, X, z; Xyz; y, x-y, z; x-y, x, z; 

PaifU^oup CJ. — 

Operations of symmetry: 

Ce^jCe, Sh). 

Coordinates of equivalent points: 

xyz; y,y-x, z; y-x, X, z; xyz; y,x-y, z; x-y, x, z; 
xy2; y,y-x, 2; y-x, X, z; xyf; y, x-y, f; x-y, x, t. 

PoifU-^oup CJ. — 
Operations of symmetry: 

CS={C5,S.}.* 

Coordinates of equivalent points: 

xyz; y, y-x, z; y-x, X, z; xyz; y, x-y, z; x-y, x, i; 
*»y-x, z; y-x,y, z; yxz; x, x-y, z; x-y,y, z; yxi. 

Painirgroup D«. — 
Operations of symmetry: 

Da-{C5,U}. 

U is a rotation of 180® about axes in the XY-plane, one of which coincides 
with the X-axis. 

Coordinates of equivalent points: 

xyz; y, y-x, z; yx, X, z; xyz; y, x-y, z; x-y, x, z; 
X, y-x, z; y-x, y, z; yxz; x, x-y, g; x-y, y, g; yxg. 

* This group ia of course equally the result of operating upon C3 l^ a two-fold axis coinddent 
with the Z-aadi. That is, 

CJ-{Ca,Ui}. 
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Painirgroup DS- — 
Operations of symmetry: 

D8«{D«,S,}-|De,I}. 

Coordinates of equivalent points. 

xya; y, y-x, z; y-x, Sc, z 

Xi y-x, 2; y-x, y, 2; yxz 
xyi; y, x-y, 2; x-y, x, z 
X, x-y, z; x-y, y, z; yxz 



xyz; y, x-y, z; x-y, x, z; 
X, x-y, 2; x-y, y, 2; yxf. 
xy2; y, y-x, z; y-x, X, J; 
X, y-x, z; y-x, y, z; yxz. 



SPACE LATTICES. 

A series of parallel planes such that the distance between any two consecu- 
tive planes of the series is constant is called a set of planes. 

The sum total of the points of intersection of any three sets of planes is 
called a regular space lattice. 




Fig. is. A symmetrical lattice. The intersection points of this figure are 

points of the lattice. 

If some point of a lattice (O of figure 18) is taken as the origin of coordi- 
nates, the neighboring points of the lattice are given by the trandations 
d=2rs, d:2r„ d:2rs along the X, Y and Z axes; and in general any point 
of che lattice is given by the composite translation 

Ti= ±2mridb2nrydb2pr, 

where m, n and p are any integers or zero. The three translations, 2rs, 2r,y 
2r., giving neighboring points of the lattice, are called the primitive trans- 
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latioDB. It is customary to define a lattice by stating its primitive trans- 
lations with respect to the axes of reference.* This definition is sufficient 
since the primitive translations of a lattice can be considered as those transla- 
tions which will yield all of the points of the lattice by their continued 
application, first to a point of the lattice chosen as origin, and to the new 
points continually derived from this and succeeding applications. 

It can be shown that but fourteen symmetrical lattices are possible; each 
of them has the complete synmietry of one of the seven S3rstems of crystaUo- 
graphic symmetry (counting the rhombohedral division of the hexagonal 
system as a separate system). 

The primitive translations of these 14 space-lattices, identical with the 
lattices of Bravais, are as follows. The axes of reference are the same as 
those used for the point-groups of corresponding symmetry. 

Primitive transUUiana. 

2r,;2ry;2r.. 

2r,;2Ty;2T.. 

2tx; Ty, T,; Ty, — T,.t 

2t,; 2Ty; 2r,. 

^x> ^y; ^x> ■"'''yi 2t,. 

^r^f'Tj, r,;ry, -r,. 

^y> ^»f ^1* ^x> ^x> ^y " C 

2t,;2t,;2t,;t„ T„ T,. 
2r.;2r,;2T.. 

'^Xf ^y'f ^Xt '^Yi ^'^M- 

^jt ^ij ^»> '^xt ^x> ^y 

2T,;2ry;2r,;r„ry, T,. 





Symbol. 


Tridinic system. 


1. 


r» 


Monodinie system. 


2. 


r„ 


3. 


r.' 


Orthorhombic system. 


4. 


r, 


6a. 


r.' (a) 


b. 


r.'(b) 


6. 


r." 


7. 


r,'" 


T^ragonal system. 


8a. 


r»(a) 


b. 


rt(b) 


9a. 


r»' (a) 


b. 


r.'(b) 


Cvbic system. 


10. 


r. 


11. 


r.' 


12. 


r." 


Hexagonal system. 


13. 


r,k 


14. 


r. 



2r,; 2r,; 2r,. 

^F> ^«> ''*■> '^xt ^xi ''y 

2r,;2Ty;2T,;r„ry, T,. 



2rx; 2ry; 2r,. (Rhombohedral Axes) 
2w, 2ry; 2t^, (Hexagonal Axes) 



* DiflFerent groups of primitive tranBlations for a single lattice are possible by taking the unit 
directions differently. We shall have use for the primitive translations just defined and for no 
others. 

t By Ty, Tt is meant a translation Ty along the Y-axis followed by one of length rg along the 
Z-azis. The translation Ty, — ts is similar except that rg is here taken in the — z direction. 
These are written by Schoeiiflies as ry + f i aud ry — rg respectively. 
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THE NATURE OF SPACE-GROUPS. 



Lattices 13 and 14 belong to the rhombohedral division; lattice 14 has the 
complete 83rmmetry of the hexagonal division of the hexagonal system. 

Lattices 2, 4, 8a, 10, 13 and 14 aie all special cases of lattice 1, in which the 
lengths of the units along the axes or the angles between the axes have par- 
ticular values. The lattices having the symmetry of the tetragonal and of 
^he cubic system can be looked upon as special cases of the orthorhombic 
space lattices; in this process of specialization, for lattices of tetragonal sym- 
metry, if the axes are taken after the manner of lattice 4, Sa is obtained, if 
according to 5, 8b results. The two forms of 8 are, however, identical. 
In a similar fashion 9a and 9b arise from 6 and 7. 

SPACE-GROUPS. 

In giving analytical representations to each of the 32 point-groups the 
different ways have been expressed in which points can group themselves 
about a central position so that the aggregate of points will by their arrange- 
ment exhibit crystallographic symmetry. We are not, however, primarily 




Fio. 19. The point-group C^. The points P, P/, P//, P/// are the four 

equivalent points of this pointrgroup. 



interested in such an aggregate of points about a single position in space but 
rather in the indefinite extension in all directions of such a symmetrical 
grouping of points. In order to accomplish this, it is necessary to distribute 
point-groups (or perhaps other suitably symmetrical groupings of points), 
properly oriented according to some regular pattern which repeats itself 
indefinitely in all directions. Such a regular pattern must be one of the 14 
space lattices. The indefinitely extended symmetrical arrangement of points 
all equivalent to one another, which is obtained by placing such groups of 
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equivalent points with their centers at the points of one of the regular space 
lattices, is a «pace-gr(mp.* 

For the sake of illustration the very simple space-group which is obtained 
by placing the point-group C^, the holohedry of the monoclinic S3rstem, (figure 
19) at the points of the monoclinic space lattice Fm will be considered.! A 
portion from this space-group is shown in figure 20. The four equivalent 




Fio. 20. A portion from the monoclinic space-group Ciii. 



points P, Tf, P// and P/// (and the two-fold axis of symmetry and the plane 

normal to it) of C^ repeat themselves about each of the points O, A, B 

of the first monoclinic lattice Fm. Taking as the origin, then the coordin- 
ates of the points of the group about A, the point of the lattice obtained by the 
primitive translation 2rx, are 

x+2t., y, z; 2r,-x, y, z; 2r.-x, y, z; x+2r„ y, z. 

In a similar way the coordinates of the eqmvalent points about the other 
neighboring points of the lattice and in general about any point of the lattice 

* The view which one takes of a epaoe-group will depend largely upon his interests. For 
instance, the orystallographer will in all probability consider a point-group as a particular aggre- 
gation of elements of symmetry arranged in some definite fashion. The space-groups wfll then, 
first and above all, describe to him the way in which these elements of symmetiy can be dis- 
tributed throughout a crystal. On the other hand, the physicist or chemist who is accustomed 
to think of a crsrstal essentially as an orderly arrangement of atoms or molecular groupings of 
atoms wiU probably incline to the more analytical view of point-groups and space-groups as aggre- 
gates of equivalent points which are potential positions for the atoms in crystals. Because we 
are interested here in discussing only those phases of the theory of space-groups which are of 
immediate use to the physical study of the structures of crystals, the characteristics of symmetry 
possessed by the various space-groups will receive only such treatment as is required for the 
building up of an analjrtical expression of the results of the theory. 

t Figure 18 will illustrate Fm if X and Y have any unit lengths and make any angle with one 
another, and if Z is normal to the plane XY. 
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axe given by one of the fdlowing sets which, taken together, completely 
define this space-group: 

x±2mr„ y ±2nTy, 2d:2prg ; 

±2mT,— X, db2nTy— y, zd=2pr.; 

db2mT,— X, db2nr,— y, ±2pr. — «; 

Xdb2mrx9 y=fc2nry, ±2pT,— 2; 

where, as before, m, n and p can be any integers or zero. 

Some of the space-groups are obtained by thus placing point-groups at the 
points of the lattice of corresponding symmetry; the rest of the 230 typical 
ways of arranging points so that the assemblage will exhibit crystallographic 
symmetry may be obtained by placing, at the points of these lattices, groups 
of points analogous to the point-groups, and derived from them, of such a 
nature that the symmetry of the aggregate is that of one of the point-groups 
themselves. 

It is obvious that a space-group is completely defined (analytically) when the 
coordinates of the equivalent points ranged about one point of the lattice 
(the p)oint8 of a point-group or of a ''modified point-group") and the primitive 
translations of the lattice are given; for, as we have just seen in the case of 
the monoclinic space-group, with this information it is always possible to 
reconstruct the space-group. 

AN OUTLINE OF THE DERIVATION OF THE SPACE-GROUPS. 

The nature of each of the space-groups will be apparent from the following 
tabular outline. Under each class of synmietry a brief discussion of the 
development of the space-groups exhibiting its symmetry will be given. This 
will be followed by a statement under three headings of (1) the S3rmbol of 
the space-group, (2) an abbreviated indication of its particular derivation, and 
(3) the fundamental lattice underlying it. 

TRICLINIC SYSTEM. 
Hemihedry, — 

The single space-group of this class is obtained by placing the single equiva- 
lent point of the point-group Ci at the points of the lattice r«.. 

I. {c}=Ci, r^}.* Ttr 

Holohedry, — 

The single space-group having this 83rmmetry is obrained by placing the 
equivalent points of Q at the points of the lattice V^. 

2. C| = I Ci, Ftr ) . Fit 

* The space-group 0}nnbol is a simple adaptation of the ssrmbols used for the point-groups. 
The letters to be found in exponent position in the 83rmbol8 for point-groups are reduced to the 
subscript position. The different space-groups isomorphous with a particular point-group are 

distinguished by numbers in the exponent position. Thus Cj^i is the fifth space-group (isomoi^ 
phous with the point-group C^) that is defined. 
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MONOCLINIC SYSTEM. 
Hemihedry, — 

The space-groups having this symmetry can be developed by combining 
the space-group C} when it has the specialized form of either Fm or r^y 
with a gliding reflection in a plane which is taken as that of the X- and Y- 
axes.* 

4. c!={r»„s»(r)}. r„ 

6. Cl={V,S,(r)). V 

Hemimorphic hemihedry. — 

Since the point-group C^ is obtained by combining Ci with a two-fold 
axiSy the space-groups isomorphous with Ci can be obtained by combining 
the lattices Fm and F^' with screw axes of symmetry. The translation com- 
ponents of these screw-axes are either zero or half a primitive translation in 
the direction of the Z-axis. 



7. Ci={F„,A(ir)}. F« 

8. CJ={F«,A(t, r.)}. F„ 

9. C; = { F„', AW } = { F„', A(ir, r,) } . F„' 

Holohedry. — 

The space-groups isomorphous with Cg can be obtained by multiplying 
(s combining) space-groups isomorphous with Cs with the operation of a 
glide plane of symmetry. Since a rotation of 180° combined with a reflec- 
tion in a plane at right angles to the axis of rotation is equivalent to an 
inversion, these space-groups result also from multiplying the groups iso- 
morphous with Cs by an inversion. 

10. Csh = { C2, Sh } . Fm 

11. C2h~l^2>^}» F|a 

12. Cjh = { Ca, S|j ) . Fa' 

13. CA-{Cj,S,,(r)}. F„ 

14. Ca*„={Cj.S,,(r)}. F„ 

15. Ca1,-{Cj,S,(r)}. F;' 

ORTHORHOMBIC SYSTEM. 

Hemimorphic hemihedry. — 

The intersections with the XY-plane of the axes of space-groups CS' (the 
space-groups having the symmetry of Cs) when the angle between the axes 
has the special value of 90°, is given by the points A, B, C, D, Ai . . . . 
of figure 21. The space-groups isomorphous with Cs can be developed by 

* A glide plane the translation component of which is sero is of ootme a simple reflecting 
plane, r, a primitive translation in the XY-plane, may then be chosen as either r, or vy. 
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ORTHORHOMBIC SPACE-GROUPS. 



multiplying groups ismorophous with Cs by a vertical glide plane of sym- 
metry, that is, one parallel to or containing the Z-axis. The various possible 
positions of the intersections of these planes with the XY-plane are shown 
by a, (Tn, etc. of figure 21a and ff^, <r^', etc. of figure 21b. 
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Fig. 21. 



V^St — 



2t 



St 





Oow ^ 



'St 



3t 



^2t~ 

^'2t~ 

2¥ — 

CI* — 
2v™ 

2t~ 

v^av — 

St*" 
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2v"" 

V^2v~ 
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Ca, S) = {Ca, Si). 

q,S} = {Q,Si(r,)j. 

Ci, S(t.) } 

Ci,S(rJ}-{Cj,S„..). 

Cj,S(rJ}. 

Cj,S(r,+r.)}. 

C?,S(r,+T.)}. 

C^.S„(Tx)}. 

CJ,S„(r,+T,)}. 

Cj. Sjj = {Cj, S^,}. 
Cj, Si}. 
Cj, Sa(T,) } . 
C?, S}. 
C3,S(r.)}. 

C?, S(t,) } . 

C3, S(r,+T.)}. 

Q, S}. 

C3,8d(r.)}. 



To 
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r, 
r, 
r, 
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r«'(a) 

r,'(a) 

ro'(a) 
r,'(b) 

r«'(b) 

r.'(b) 

ro'(b) 

r," 

re" 

rin 
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*ZTy 



ZTX, 



Enantiomorpkic hemihedry. — 

Definition. — If a certain portion of the operations of a group when taken 
alone themselves form a group, they define a sub-group. 

The space-groups isomorphous with the point group V are best described 
by giving the sub-groups whose axes are parallel to the X, Y- and Z- axes 
pf the lattice (and of the coordinates). 
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38. 


V>= 


(Cj, Cj, C3j}. 


r. 


39. 


v«= 


{Cj, Cj, Cj}. 


To 


40. 


v«= 


IQ, Cj, Cjj. 


To 


41. 


v«=. 


ICj, CJj, C^j. 


To 


42. 


v»= 


(C?, CJj, C?). 


ro'(a) 


43. 


v»=. 


{Q, C§, CJj). 


ro'(a) 


44. 


VT=. 


iQi Cj, CjJ. 


To" 


45. 


v»= 


IQ, C5, Cj}. 


■p /// 
^0 


46. 


v»- 


(Cj, C?, Cj}. 





Holohedry. — 

The space-groups isomorphous with V" can be obtained by combining 
groups isomorphous with V with a horizontal gliding reflection. It is more 
simple, however, to consider them as developed by combining certain groups 
V with inversions. The locations of these points of inversion will be dear 
from a reference to figure 22. 



47. Vi = 

48. V2 = 

49. V2 = 
60. VJ = 

51. Yi = 

52. VJ- 

53. VJ- 

54. V2- 

55. V2 = 

56. V',?" 

67. vy= 

68. V',f = 

59. V'fc»- 

60. V'fc* = 

61. V'k'- 

62. V',? = 

63. VV = 

64. vy= 

65. V\.» = 

66. V*,? = 

67. VV = 

68. Vy = 

69. Vif- 

70. CV- 

71. VV = 

72. V»,? = 

73. W- 

74. W=. 
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{v», 
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{V, 
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|V«, 
{V«, 
{V», 
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"p /// 



* Theee two last Bpaoe-groups di£Fer in the maimer of distribution of Uieir axes. For the 
former the axis of rotation lies in the line AD, for the latter in the line BC of Figure 21. 
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TETRAGONAL SYSTEM. 
Tetartohedry of the second tort. — 

The groups S" can be obtained by combining groups isomorphous with d 
with a rotary-reflection (a rotation combined with a reflection) having the 
same axis as the group C". 

75. SJ-{CJ, A}, r, 

76. s;-{c5,A}. r,' 

Hemihedry of the second sort. — 

The space-groups isomorphous with V' can be obtained by multiplying 
groups isomorphous with V by the operation of a diagonal vertical glide plane 
of symmetry. A reflection in the plane WMGA of figure 22 will be called 
(fa, one in the parallel plane through F, v^. 



78. 
79. 
80. 
81. 
82. 
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77. Vi- 



Fig. 22. 
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83. V2 



{V>,S,}. 

{V,S,(rJj 

{V».S,}. 

{V»,S«(r.)}. 

|V»,S^}. 

{V«,S4(0}. 

v. s.(^')} 



r. 
r, 
r. 
r, 
r» 
r. 



vs-|v,s*(^4^+r.)| r. 



VJ 
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{V»,S,(r,)j.* 
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Tetartohedry. — 

The space-groups C? can be derived by arranging screw-axes of symmetry 
according to the two tetragonal lattices. 



89. C 



Hit)' 4 



r. 



90. (^*-{A(f4'),r.|. r, 

91. cj=|A(|r,), r,|. r» 
»2- cI={A(||').r| r. 



93. CJ 



'-Ki)4 



r/ 



»*• c'=Ki' ?)''*'} '^»' 



Paramorphic hemihedry. — 

The groups C£ are most readily obtained by inverting groups isomorphous 
with C4 either through a point lying in a four-fold axis or midway of a line 
joining two four-fold axes. This second inversion will be represented by Ii. 



95. 


CA = {C1,I}. 


r, 


96. 


CA = {C}.I}. 


r» 


97. 


C41i'= IC4, Ii). 


r» 


98. 


C4h = I C4, Ii } . 


r, 


99. 


C4j.= {Cj,I}. 


r,' 


100. 


Cih = 1 C4, Ii } . 


Tt' 



Hemimorphic hemihedry. — 

The groups Ci^ are obtained by multiplying groups CJ* by vertical gliding 
reflections. The positions of these reflecting planes are shown in figure 23. 



101. 


C4t={C4, S,}. 


r, 


102. 


C4T = { C4, Se } . 


r, 


103. 


C4T — {C4, 8,}. 


r, 


104. 


C4T-IC4, S,}. 


r. 


105. 


C4'l={Ci,S,(r.)}. 


r» 


106. 


C4'^-{Cl,S.(r.)}. 


r» 


107. 


C4;={Cj,S,(r.)}. 


r. 


108. 


C4j=|Cj,S.(r.)}. 


r. 


109. 


C4v={c5, s.}. 


r.' 


110. 


ClJ=|Cj,S.(r.)}. 


r,' 


111. 


CJ; = {C4, S,}. 


Tt' 


112. 


CiJ={Cj,S.(r.)}. 


r/ 
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Enantiomorphie hemihedry. — 

Siaoe the point-group D4 results from the multiplication of C4 by a two-fold 
axis Ijring in the plane normal to the four-fold axis of C4, the groups D^ 
arise by multiplying certain of the groups Cm by two-fold axes lying in the 
XY-plane. The positions of these axes are shown in figure 23, if the lines 
AB and CiCa define the axes U. and U, respectively. 
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Holohedry. — 

The space-groups Dj^ may be deiived by combining groups of D „ with an 
inversion. If the axes striking the XY-plane in A, Ai, etc. (fig^ure 23) are 
called a and those meeting the plane in points corresponding to B are called b. 
then the i)oint8 of inversion are located (1) at the intersection of a with an 
axis parallel to U„ (2) midway between two such points of intersection, (3) on 
an axis parallel to Us, midway between a and b or (4) half of the way between 
a and b and half way between axes parallel to U.. The inversions through 
these four points will be denoted by I, I', Ii and I/. These four inversions 
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are equivalent to inversions I, I,, I^; and I 
G, and M of figure 22. 



about the foiu* points A, W, 
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CUBIC SYSTEM. 
Tetartohedry. — 

The space-groups isomorphous with T can be obtained by combining certain 
groups V"' with the operation of a three-fold rotation axis. Except in the 
case of the group derived from V^^ when it must be AA^ the position of this 
three-fold axis can be that of any diagonal of figure 22. This rotation of 
angle y will be represented by A. 
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T»={V, A}. 
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T»={V»,A}. 


r." 



Paramorphic hemihedry. — 

Since the point-group T,, can be derived from the point-group T by com- 
bining it with an inversion (as well as with the operation of a horizontal plane 
of symmetry), the groups isomorphous with T** can be obtained from the 
groups T" by combining them with an inversion. This center of symmetry 
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lies either at a corner of the cube of figure 22 (A) or at M. 
sions will be called I and In renpectiyely. 



These two inver- 
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Hemimorphic hemikedry. — 

The groups isomorphous with T* can be derived by combining groups T" 
with a gliding reflection in a diagonal plane. This plane can be taken as 
WMGA of figure 22. 
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Encmtiomorphic hemihedry. — 

The groups O" result from combining groups T" with the operation of a 
two-fold rotation axis. This axis may be taken parallel to UK of figure 22. 
If it passes through the point M of figure 22 the rotation will be denoted by 
Urn, (2) if it has a parallel position through the point A by U, (3) if it lies in the 
line bisecting AM (see figure 24) by Ui, or (4) if it bisects MA' by Ut. 
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Holahedry. — 

Since the point-group O'' results from by the operation of a center of 
symmetry, as well as of a horizontal reflecting plane, the groups C^ iso- 
morphous with O** can be obtained by combining groups O"" with an inversion. 
These centers may be at A, A', M or M' of figure 25; the corresponding inver- 
sions will be called I, I', Lo, Im'. 



169. 
170. 
171. 
172. 
173. 
174. 
175. 
176. 
177. 
178. 



OJ 
OJ 
02 
OJ 
05 

02 
02 

OJ 



{0», Ij. 
\0\ !„}. 
10*.!} 
10*, I.}. 
{0» I}. 

{o»,r}. 

10*, I'm}. 

{0»,I}. 



r. 

r. 

r. 

r. 

r.' 

r ' 

r ' 

r.' 
r." 



o»,?-{o«,i|. r." 



HEXAGONAL SYSTEM. 



BHOICBOHBDBAIi DIVISION. 



Tdartohedry. — 

The space-groupe isomorphous with Ct can be obtained by combining 
the lattices T^ and T^ with a three-fold screw axis. The translation com- 
ponent of this screw-motion is to be taken along the Z-axis. 



179. Ci 



180. 



181. 



182. CJ 



={a(|), r,} r^ 
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Paramorphie hemihedry. — 

The two space-groupe C3? can be obtained by combining groups C? with 
an inversion (I). 

183. Ca\ = {Cj,I). r„ 

184. C,»-{CJ,I}. Trt, 

Hemimorphic hemihedry. — 

The vertical reflecting plane will contain the vertical (Z) axis and either 
(1) the X-axis — of the point and isomorphons space-group — (AA' of figure 
26), or (2) a line (AB of figure 26) which lies in the XY-pIane and makes an 
angle of 60^ with the X-axis. In the first case the reflection will be desig- 
nated Sa, in the second S,. 




FiQ. 26. 

185. C3V={cl,s.). r,, 

186. Cjv = { Ca, S4 } . T^ 

187. C,»,= {Cj,S,(r.)}. r„ 

188. C,*,= {Ci,S,(r.)|. r„ 

189. ^8^= (Ca, b|^}. Frii 

190. C/,= {Cj,S.(r.)}. r,,. 

EnatUiomorpkic hemihedry. — 

The space-groups Df result from operating upon groups C^ with a two- 
fold axis which has the position either of AA' of figure 26, (UJ, or of AB, 
(U.). 

191. Di-{Ci,u,|. r* 

192. D5={Ci, u.}. r^ 

193. D| = {C|, u,}. r^ 

194. DJ = {C|, uj. r„ 
196. DJ={C|, u,}. r„ 

196. DS={C|,U.}. Tfc 

197. DJ={CS,U,}. Trt, 
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Holohedry. — 

The groups Dm are most easQy obtained by oombining groups of D" with 
an inversion. This point of inversion will lie either at the intersection of a 
three-fold and a two-fold axis, (I), or midway between two such intersec- 
tions (10. 

198. Di-{D},I}. r^ 

199. Di = {D|, I'}, r^ 

200. Di={D|,I}. r^ 

201. D,t, = {DM'}. Tfc 

202. D^-{D;, I}. Trt. 

203. Di-{Dj,r). r,„ 



HEXAGONAL DIVISION. 

Trigonal paratnorphic hemihedry. — 

The single space-group isomorphous with C^ is obtained by reflecting Ci 
in a horizontal plane. 

204. c.xci.s^). r» 

Trigonal holohedry. — 

The groups D£ arise by reflecting groups D" in a horizontal plane which 
either contains the two-fold axes, (Sn), or lies midway between them, (Sb)< 



205. 
206. 
207. 
208. 



DA 

DA 
DA 



{Di,S„}. 
{Di. S„). 
{DJ,S,}. 
{DJ, S„}. 






Hexagonal tetartohedry. — 

The space-groups isomorphous with €« result from combining a six-fold 
screw-axis with the hexagonal lattice. 



209. C 



213. cj=|A(|,y),rh|. r. 

214. cJ = |aQ, r.Y rA. r, 



210. c 



211. C 



212. C 
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Hemimorphic hemihedry. — 

The groups C^ are obtained by combining groups C? with the operation 
of a vertical reflecting plane which passes through either the line AA' or the 
line AB of figure 26. The reflection in the plane through AA' will be desig- 
nated as S^. 

215. CeV-{Ci,SJ. r„ 

216. Ce^={Ci,S,(r.)}. P, 

217. C^«{CS,SJ. r,, 

218. Ce^«{CS,S.(r.)}. P, 

Paramcrphie hemihedry , — 

The space-groups isomorphous with Cj can be obtained by reflecting groups 
C 8 in a horizontal plane. 

219. Cei-{CJ,S„}. T^ 

220. Cel={CS,Sfc}. P„ 

EnarUiomorphic hemihedry. — 

The space-groups D™ are most simply derived by combining groups Ct 
with the operation of a two-fold axis which coincides with the X-axis of coor- 
dinates of the point and isomorphous space-groups (AA' of figure 26). This 
two-fold rotation will be represented by U^. 

221. DJ-{CJ,UJ. r„ 

222. DJ={C2,UJ. P„ 

223. d;={c;,uj. p„ 

224. DS={CJ,UJ. P„ 
226. DS={C5,UJ. P„ 

226. DS = {CJ,UJ. T^ 

Holohedry. — 

The groups D^ result by combining groups Df with an inversion which 
lies in the six-fold axis either at its intersections with the two-fold axes (I) 
or at points midway between such intersectionSi (10- 

227. De*„«{D5,I}. P^ 

228. DA-{Dj,r}. P„ 

229. D^,-{DM}. P,, 

230. Dei- id;,!'). r„ 



CHAPTER III. 

THE APPLICATION OF THE THEORY OF SPACE- 

GROUPS TO CRYSTALS * 

UNITS OF STRUCTURE. 

A space lattice has been definedf as the sum total of the points of inter- 
section of any three sets of planes. These sets of planes partition the space 
into units of structure, all of the same size and shape. Such a unit is 
OABDEGFC of figure 18. There will thus be a unit corresponding to each 
of the 14 lattices; points of the lattice will be found at each of the comers of 
the unit prisms and in some cases other points of the lattice will lie in the 
center of the unit or at the centers of faces (as examples, To'" and To'O- If 
the lattice is a monoclinic lattice, the unit will be some sort of a monoclinic 
prism; if the lattice is cubic, the unit will be a cube, and so on. 




Fig. 27. The unit cell derived from Ttr. The 
edges of this unit are of unequal lengths and 
make unequal angles with one another. 

Just as a simple lattice can be divided into unit prisms by three sets of 
planes parallel to the axes of coordinates, so any space grouping of points, 
built upon some lattice, can be similarly divided. The fourteen units of 
structure characteristic of the fourteen space lattices are shown in figures 
27 to 34. The number of the points of the lattice to be associated with a 
imit prism can be readily told. For instance, in the case of the simple cubic 
lattice, Fe, this number is one since each of the eight points of the lattice 
located at the eight comers of the cube is shared by the seven other cubes 
meeting at this point and there are no other lattice points contained in or touch- 
ing the unit. For the same reason the imit cube of a space grouping having 
this lattice fimdamental to it will have a single group of equivalent points 
(the n points about a single point of the lattice) associated with it; each of the 
8 comer-points of the lattice will contribute to the cube one eighth, and each 
a different eighth, of the equivalent points ranged about it. 

« P. Niggii, op. dt.; Ralph W. G. Wyokoff, Am. J. Sd. i, 127. 1921. 
t See p. 22. 
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UNIT OF STRUCTURE FOR SPACE-GROUP Ci. 



A consideration of the unit of the space-group aheady discussed in detail, 
Csh) will make this more clear. The unit prism, OAFCGBDE of figure 20 
(see also figure 18), contains four equivalent points M, M', M", and M"', the 
coordinates of which are M(xyz), M'(2rx— x, 2Ty— y, z), M"(x, y, 2r,— z) and 
M'"(2rx— X, 2t,— y, 2r.— z). Since, however, the arrangement about every 
point of the lattice is the same as that about every other, it follows that 
corresponding points of the groups about neighboring points of the lattice 
are entirely similar. It is, then, so far as the expression of the relative posi- 
tions of equivalent points is concerned, permissible to consider 2rx— x= — x, 
— y=2ry— y, and — z=2r,— z.* The coordinates of the four equivalent 
positions of the unit of structure of the space-group C^ are thus: 

xyz; -X, -y, z; x, y, -z; -x, -y, -z 
or, as it will hereafter be written: 

xyz; xyz; xyz; xyz. 
The number of points of the lattice to be associated with the units of each 
of the other lattices can be similarly obtained and from this the coordinates 

which can be taken as typical of the posi- 
tions of equivalent points within the unit 
of any space-group can be written down. 
The treatment of a slightly more com- 
plicated space-group will outline the 
necessary procedure. For this purpose 
we will take the space-group C2b obtained 
by placing the point-group C^ at the 
points of the second monoclinic lattice 
r^ (figure 29). The unit prism of this 
lattice proves to be a monoclinic prism 
with additional points of the lattice at the 
centers of two of its faces. The eight 
points of the lattice that are located at 
the comers of the prism serve, as with 
the space-group C2h, to place within it the 
equivalent points of one group (in this 
instance, by definition, a point-group). 
One half of the points about each of the two 
points of the lattice at the diagonals of faces (and opposite halves) lie within the 
unit prism so that these two points of the lattice together contrive to place within 
the unit a second group of equivalent points. If O of figure 29 is taken as 

* This amplification is geometrically justified (1) since the unit prism that has been chosen 
has no particular physical significance but serves rather as a unit that is conveniently visualised 
and (2) because the coordinates adopted actually define a group of equivalent points which re- 
peateid along and parallel to the axes of coordinates will build up the entire assemblage. It is, 
moreover, justified analytically as an expression of the points associated with the unit prism itself (if 
one prefers to think of this unit) because as applied to the study of the structure of crystaXa, these 
coordinates define the interference effects to be exi)ected from atoms placed at these positions; 
this definition involves ane and cosine terms with^ which 2rx« 2ry, and 2ra in 2rz— x, etc., dis- 
appear. 




Fig. 28. If OX?^OY?^YZ and ZY is 
normal to the plane YOX but 
ZYOX^ OCT, this is the unit of 
Tmi if the three edges are mu- 
tually perpendicular and (1) 
OX?i^OY?^YZ, the unit corre- 
sponds to To, (2) if 0X-0Y5^YZ 
it corresponds to rt(a) or (3) if 
OX "OY - YZ the unit is that of r«. 
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the origin, the centers of the second group of equivalent points will be for the 
half of the equivalent points at P(0, Ty, t.) and for the other half at the oppo- 
site point V (2tx, Tyy Ts). Keeping in mind the analogous case of Ca^ (figure 
20) the actual coordinates of the equivalent points within this unit are:* 
xyz ; 2rx-x, 2ry-y, z ; x, y, 2r,-z ; 2rx-x, 2ry-y, 

2r,-z; 
X, y+Ty, z+r,; 2rx-x, Ty-y, z+r,; x, y+Ty, Tn-z) 2rx-x, Ty-y, 

Tg — Z. 

Just as was done for the space-group Ci^ these coordinates can be reduced to: 
xyz ; xyz ; xy% ; Scy2 ; 

X, y+Ty, z+Tn] X, Ty-y, z+Tu\ X, y+Ty, r,-z; x, Ty-y, r^-z. 
It will be observed that this process is equivalent to placing a group of equiva- 
lent points (in this case a point-group) at the origin and at one other point 
(0, Ty, tO. 




Fig. 29. If YZ J. plane YOX and ZY?^ 
YO?^OXand (1) if ZYOX5^9(f, 
the unit corresponds to Fm', (2) if 
ZY0X"9(r, it corresponds to 
To' (b). 




Fig. 30. This unit is a rectangular 
paraUelopiped; if YZt^YOs^OX 
it corresponds to Fo'Ca), if ZY 
?^YO-OXto rt(b). 



The positions of the equivalent points within a unit for each of the space- 
groups can be expressed in the same way as the coordinates of the character- 
istic groups of equivalent points placed at typical points of the lattice.f The 
typical point or points of the lattice corresponding to a particular unit are in 
all cases the origin, as well as sometimes the center of the unit or, as in this 
latter instance, C^by the center of a side or the centers of several sides. The 
extension of this same line of thought to the rest of the 14 lattices will show the 
number of groups of equivalent points to be associated with the unit. Thus 
the coordinates of typical points of the lattice which serve as centers of these 
groups are those of Table 2. 

* This is trae if s is less than rx, y than ry and 9 than r.. A slight and obvious modification 
which would yield final and reduced values the same as these, would define the points within this 
unit prism if one or all of x, y and z exceed rx« ry or r.. 

t The general case of each space-group (Chapter IV) in which there are three variable parap 
meters is obtained by placing the characteristic group of equivalent points at the typical points 
of the underlying lattice. 
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THE 14 UNITS OF STRUCTURE. 



Table 2. 





Number of 






Lattice. 


associated 


Coordinates of 




Tbicunic Sybticm 


lattice points. 

• 


typical points. 




1. Pu 
MONOCLINIC StBTEM. 


1 


(000). 


Fig. 27. 


2. r„ 

3. r„' 

Obtborbohbic Ststeu 


1 
2 

• 


0(000). 
O(000);P(0,T„T.). 


Fig. 28. 
Fig. 29. 


4. Fo 
5a. r«' (a) 
b. P.' (b) 

6. Fo" 

7. Fo'" 
Tbtbagonal Ststeu. 


1 
2 
2 

4 

2 


(COO). 

0(OOC);P, (T„r„0). 

O(CCC);P(0,Ty,T.). 

O(CCC);P(0,r„T.); 

Pi (t., t„ 0) ; P, (tx, 0, T.). 

0(CCC); P, (T„Ty,T.). 


Fig. 28. 
Fig. 30. 
Fig. 29. 

Fig. 31. 
Fig. 32. 


8a. Ft (a) 
b. Ft (b) 
9a. Ft' (a) 

b. Ft' (b) 




1 
2 
4 

2 


(000). 

0(CCO); P, (tx,t„0). 

O(CC0);P(0,T„T.); 

Pl(Tx,Ty,0); P, (Tx,0,T.). 

O(000);P,(Tx,T„r.). 


Fig. 28. 
Fig. 30. 

Fig. 31. 
Fig. 32. 



Cubic System. 

10. F, 1 

11. F.' 4 



12. F." 2 
HexagonaIj System.* 

13. r,h 1 

14. Fh 1 



(000). 

O(000);P(0,ry,T,); 
Pi(tx,t„0); P, (tx,0,t,). 
0(COO);P, (Tx,Ty,T,). 

(000). 
(000). 



Fig. 28. 

Fig. 31. 
Fig. 32. 

Fig. 33. 
Fig. 34. 



SPACE^ROUPS AND CRYSTALS. 

Every ciystal, considered as a regular arrangement of atoms in space, 
must possess the symmetry of some one of the 230 space-groups. The theory 
of space-groups, then, supplies a method with the aid of which it should be 
possible to represent aU d the ways in which the atoms of a aystal can be 
arranged in space. If an atom of a crystal occupies such a position that it 
corresponds with the coordinate position xyz of an equivalent point of the 
space-group having the symmetry of the crystal, then symmetry demands that 
exactly similar atoms shall be found at positions corresponding to those of 

* The unit cell for Fh can alao be taken as a baaeKwntered rhombic prism, the lengths of whose 
aides stand in the ratio of 

a : b : «" V 3 : 1 : c. 
Nig^ (op. dt.) has worked out upon this basis the analytical expression for all of the groups 
having Fh as the fundamental lattice. Such a unit is useful when it is desired to compare an 
Jiffliagonal crystal with one exhibiting rhombic, tetragonal or cubic symmetry. 
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each of the other equivalent points of the space-group. Most crystals are 
built of atoms of more than one sort. As a consequence if we find the atoms 
of kind A occupying the positions of equivalent point xyz and the other points 
equivalent to it, the atoms of B will be found at some other positions developed 
from x' y' z', and so on. 

The atoms of a crystal may thus be thought of as occupying the positions 
of a sort of composite space-group developed by superimposing several sets 
of equivalent positions upon the same set of axes (and other elements of sym- 
metry). The atoms of a crystal, as a result, must be arranged in groups with 
centers at the points of one of the space lattices. Such a group of atoms has 





Fio. 31. A rectangular parallelepiped. If 
YZ5»iY0 5»^OX it corresponds to To", if 
YZ?iJSYO-OX to rt'(a), or if YZ-YO 
=0X to r,'. 



Fig. 32. A rectangular parallelopiped. If 
YZ?^YO?^OX it corresponds to To'", 
if YZ?^YO-OX to rt'(b), or if YZ- 
YO -OX to To". 



been called a crystal molecule. In this sense the crystal molecule is a purely 
geometrical conception and except under special conditions would not be 
thought of as possessing any physical significance. 

It is possible, of course, to think of a cr3n3tal as divided, in the same way 
that a space-group can be divided, into a large number of unit prisms by sets 
of planes passing parallel to the three planes each of which contains two of 
the axes of coordinates. Measiu^ments of the X-ray spectrum from the face 
of a crs^stal together with a knowledge of the density of the crystal can be 
made to 3deld the number of chemical molecules that are to be associated 
with this unit of structure.* If a compoimd were of the type AB, where A 
is one kind of atom and B another, and if the atoms of A occupy the most 
general equivalent positions one of which is xyz, then there will be as many 
chemical molecules of AB associated with the unit prism as there are equiva- 

* The factor actually determined ia n*/ni, where n is the "order" of the reflection spectrum 
and m is the number of chemical molecules associated with the unit prism. The value of n cannot, 
however, in seneral be determined so that m may usually have one of two or perhaps three values^ 
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SPECIAL CASES OF SPACE-GROUPS. 



lent poiBts in the unit. This number may under certain conditions be rela- 
tively grrat. For instance, in the case of the space-groups having the symr 
metry of the holohcdry of the cubic S3rstem, the number of equivalent points of 
the point-group O^, and of the other groups of points associated with a 
single point of the lattice, is 48. If then the fundamental lattice of a holo- 
hedral cubic space-group is the simple cubic lattice Te and the compound 
crystallizes with this S3rmmetry (as sodium chloride does, for instance), 48 
(if all of the A atoms are alike and aU of the B atoms a^e also alike, and 
more if they are not alike) chemical molecules of AB must be placed within 
the unit cell; if the lattice were, on the other hand, the face-centered lattice 
1^4 with foiu* points of the lattice associated with the imit, this niunber of 
molecules of AB must be at least 192. 





Fio. 33. If the three edges meeting at O 
are of equal legtha and make equal, 
angles with one another, this unit cor- 
responds to Frk. 



Fig. 34. If ZO d. plane YOX and 
ZY0X*12(r, a rhombic prism 
two of the sides of whose base 
are XO and OY and of height 
OZ serves as the unit for Th. 



SPECIAL CASES. 

If, however, the values of x, y and z which express the positions of the atoms 
of A and B are such that the atoms lie upon some element of symmetry, two 
or more of the equivalent positions coincide and this number of molecules to 
be placed within the unit cell will be reduced. For instance if a point were to 
lie upon a plane of symmetry, it would of course be identical with its mirror 
image; or if it stood in a three-fold or four-fold axis of symmetry, three or 
four of the equivalent points would occupy the same position. In the space- 
group Cjh (figure 20) if z is equal to t., that is, to one half of the height of 
the unit prism, then the four equivalent points of the unit would occupy two 
positions (M coincides with M" and M' with M'") or if x is equal to Tx, and y 
to Ty, the four points will have two equivalent positions (M will coincide 
with M' aad M" with M"0- K x=y =z=0 then the four points will all unite 



THE TYPICAL CASE OF CALCITE. 



45 



at the origiii and there will be but one equivalent position within the unit; 
the same is true if x=rx, y=Ty and z=rt. 

The results of all of the X-ray experimentation which has thus far been 
carried out seem to point to the fact that this number of chemical molecules 
to be contained within a unit cell is in all probabiuty very much less than the 
number of most generally placed equivalent positions. As a consequence the 
determination of these special cases of the space-groups becomes of the utmost 
importance to the person interested in the structure of crystals. 

A discussion of calcite, which has already been treated in detail by this 
procedure,* will serve to indicate the need for these special cases of the space- 
groups. The X-ray measurements show that almost certainly two chemical 
molecules of calcium carbonate are to be associated with a unit rhombohedron. 
Calcite crystallizes with a S3m[mietry which is that of the point-group D3. 
Two space-groups isomorphous with Dj, namely Dg^ and D^, have Frh as 
the fundamental lattice. Since two chemical molecules of calcium carbonate 
are to be associated with the unit rhombohedron, two calcium atoms, two 
carbon atoms and six oxygen atoms must be placed within it. These two 
calcium atoms may conceivably be alike or they may be different one from the 
other; the same is true for the two carbon atoms; and the oxygen atoms may 
be for instance (1) all alike, (2) all different, (3) four alike and two different, 
(4) two sets of three Uke atoms or (5) three sets of two like atoms. Copying 
from page 157 it is seen that all of the potential atomic positions consistent 
with the space groups Dil^ and Ds^ are 

Space-Group Di^: 

One equivalent position: 

(a) 0. (b) Hi. 

Two equivalent positions: 

(c) uuu; Qtiti. 
Three equivalent positions: 

(d) OOi; OiO; iOO. 
Six equivalent positions: 

(f) uaO; aOu; OuQ; QuO 

(g) uuj; Qiu; JuQ; QuJ 
(h) uuv; uvu; vuu; Qflv 

Twelve equivalent positions: 



(e) OH; HO; ioi 

uOQ; Otlu. 
ujti; iuu. 
QvQ; vtiQ. 



(i) xyz; yzx; zxy; yxz; xzy; zyx; 
xyz; yzx; zxy; yxz; xzy; zyx. 



Space-Group Dj* • 



'9d 



Two equivalent positions: 

(a) 000; Hi. (b) iii; iif. 

Four equivalent positions: 

(c) uuu; QtiQ; i-u, J-u, J-u; u-hi, u-hi, u+i 



* Ralph W. G. Wyokoff , Am. J. Sci. 60, 317. 1020. 
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Six equivalent positions: 

(d) Hi; Hi; Hi; iii; iii; iii 

(e) uQO; QOu; OuQ; i— u, u+J, i; u+i, i, i— u; 

i, i-u, u+J. 

rt£?6toe equivalent positions: 

(f) xyz; yzx; zxy; yxz; xzy; zyx; 

i-x, i-y, J-z; J-y, f-z, i-x; i-z, J-x, J-y; 

y+i, x+i, z+i; x+i, z+J, y+i; z+i, y+J, x+i 

The attempt to write down on the basis of these coordinate positions the 
different arrangements of the atoms in calcite that are possible in the light of 
its symmetry immediately eliminates many of the possibilities just discussed. 
For instance it is clear that in neither case are there enough special cases of 
one equivalent position so that the two calcium atoms can be different and 
the two carbon atoms also different. The same fact shows that possibility 
(2) for the arrangement of the oxygen atoms may also be omitted from con- 
sideration; it can be similarly shown that there are in neither space-group 
sufficient special cases so that four of the oxygen atoms can be alike and two 
different. All of the i)08sible ways for the atoms of calcite to be arranged 
can then be WTitten as:* 

Arrangements arising from TjV 

(a) Ca=uuu; Guti. 

C=uiUiUi; UiQitlo. 

O^UaflaO; UjOua; OU2Q2; tlaUjO; UjOaa; OQjUj. 

(b) Ca and C as in (a). 

0=U2U2i; U2iu2; iu2ii2; U8U2J; U2iu2; iuaUa 

(c) Ca and C as in (a). 

0=U2U2v; U2VU2; VU2U2; U2Q2l^; U2va2; VU21I2. 

(d) Ca and C as in (a). 

0=U2U2U2; ti2Q2U2. UiUaUs; asUjtls. U4U4U4; il4tl4a4. 

(e) Ca and C as in (a). 

0=0 Oi; OiO; iOO. OH; HO; iOJ. 
Arrangements arising from T^zd- 

(f) Ca = iii; iii or 000; Hi 

C=000; Hi or iii; iJi 

= iii; iii; iii; iii; iii; iii 

(g) Ca and C as in (f). 

0=uiiO; aOu; OuQ; i-u, u+i, i; u+J, 4, J-u; 
i, i-u, u+i. 

In this same manner all of the wa3rs of arranging the atoms in any cr3^tal 
can be written down from a knowledge of the number of molecules to be 
associated with the unit cell (as furnished by the X-ray spectrum measure- 
ments) and from a consideration of the special cases of the different space- 
groups possessing the sjonmetry of the crystal. 

* These arrangements, giving as we have seen the positions of the atoms within a unit odi 
which by simple translations along the axes of lefeience will locate all of the atoms in the Ciystai 
are in a form which is immediately usable for testing them by fui ther X-ray measu. ements. 



CHAPTER IV. 

THE COMPLETE ANALYTICAL EXPRESSION OF 

THE SPACE^ROUPS. 

Niggli has already recorded many of the simpler cases for the various space- 
groups. For some time the present writer has been engaged in working out 
analytically aU of the special cases of the space-groups. The tables which 
follow are the results of these computations. They purport to give the coordi- 
nates of the most generally placed equivalent points and ail of the special 
cases of these equivalent points contained within the unit of structiu*e of each 
of the 230 space-groups. 

The analytical determination of the special cases can be quite simply 
carried out by equating the coordinates of one point xyz with those of each of 
the other equivalent positions within the imit cell. This will 3deld a series 
of special cases (if any exist) which can be further specialized by applying this 
same process to the coordinates of these special positions. The continued 
use of this procedure will eventually yield all of the special cases for a space- 
group.* By way of illustration the special cases of the space-group C2h 
(page 49) will be deduced. The positions of the most generally placed 
equivalent points in the unit cell of this space-group are 

xyz; xyz; xyz; 5cyz. 

Equivalent point xyz will have the same position as equivalent point 5cyz 
when 

(1) x=x, y=y, z = z; that is, when x=0 or i (Xa), y=0 or i (Xb) and 
z=w(Xc) where w is any fractional part of c. The lengths a, b, c 
are unit lengths along the X-, Y- and Z-axes. 

It will have the same position as the point xyz when 

(2) x=x, y=y, z=z; that is, when x=u(Xa), y=v(Xb), z=0 or 

i(Xc); u and v are any fractional parts of a and b, respectively. 

The points xyz and 3cyz will coincide in position when 

(3) x=x, y=y, z=z; that is, when x=0 or i(Xa), y=0 or i(Xb), 

z=Oori(Xc). 

The special cases of this space-group then arise from using these values 
for X, y and z. They are 
From (1) : 

(a) when x=0, y=0, and z=w;t then OOw; 0fr> 

* The algebra of this process difiFors in certain details from the more ordinary kind. For in- 
stance there arises from our previous definitions the fact that 0»laB2>' Further- 

more x«x«0 or }, and xs»J— x=» lor|, and more generally x=s l/n— x= — s^ , where n= 1, 

2, 3, 

tin this example and in all of the tables which follow only the fractional parts of the unit 
lengths along the different coordinate axes will be stated. If for any reason absolute distances 
of points are desired, it is of course necessary to multiply the coordinate values given in t-hese 
tables by the proper values of a, b and c. 
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(b) whcnx«=0, y=J, 2=w; then OJw; Oiw. 

(c) whenx=i, y=0, 2=w; then JOw; fO^. 

(d) whenx=i, y=i, 2=w; then JJw; Ji^. 

From (2) : 

(e) whenx»=u, y=v, z=0; then uvO; tl^O. 

(f) whenx=u, y=v, z=J; then uv|; tlvi. 

From (3) : 

(g) whenx=y = z=0; then 0. 
(h) whenx = J, y = z=0; then J 0. 
(i) when x=z=0, y=i; then OJO. 
(j) whenx=y=0, z=i; then J. 
(k) when x=0, y and z = §; then J J. 
(1) when X and z=» J, y =0; then i J. 
(m) when x and y—i, z=0; then i i 0. 
(n) when x, y and z= J; then i i i. 

We must now specialize by the same procedure each of the special cases 
(a) to (f). Inspection, however, shows that in the present instance this will 
lead to no new special positions. All of the special cases of the space-group 
Cab are then defined by (a) to (n). 

The other space-groups can all be specialized in the same fashion. These 
special positions for each spa<;e-group are given in the tables which follow. 

TRICLINIC SYSTEM. 

A. HEMmEDRY. 
Spacb-Gboup C}. ^ ' 

One equivalent position: 

(a) xyz. 

B. HOLOHEDRY. 
Space-Gbottp C}. 

One equivalent position: 

(a) 0. (e) H 0. 

(b) OOf (f) iOf 

(c) OiO. (g)OH. 
(d)§00. (h)Hi 

Tvm equivalent positions: 
(i) xyz; 3cy2. 



/ 




\ 
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MONOCLINIC SYSTEM. 

A. HEMIHEDRY. 

Space-Group Cl. 

One equivalent position: 

(a) u V 0. (b) u V J. 

TtDO eqmvalent positions: 
(c) xyz; xyz. 

Space-Group Cj. 

Two equivalent positions: 
(a) xyz]^ x+i, y, 2. 

Space-Gro 

Two eqitirdent positions: 

(a) u V 0; u, v+i, f 

Four equivalent positions: 

(b) xyz; xyz; x,y+i, z-hj; x, y-hi i-z. ^- 

Space-Group CJ. 

Four equivalent positions: 

(a) xyz; x+i, y, z; x, y-fi, z+i; x-hi, y+i, i-z. 

B. HEMIMORPHY. 

Space-Group CJ. 

One equivalent position: 

(a) u. (b) iOu. (c) Oiu. (d) Hu. 

Two equivalent positions: 
(e) xyz; xyz. 

Space-Group Cj. 

Tv)0 equivalent positions: 
(a) xyz; x, y, z-hi- 

Space-Group CJ. 

Two equivalent positions: 

(a) u; 0, i, u-fj. (b) i u; i, J, u-hj. 

Four equivalent positions: 

(c) xyz; xyz; x, y+i, z+J; x, i-y, z-hi- 

C. HOLOHEDRY. 
Space-Group Cjh- 

One equivalent position: 

(a) 000. (e) OH. 

(b) OOJ. (f) JOi 
(e) iOO. (g) HO. 

(d) OiO. (h) Hi. 
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SpACE^BOtTP Csi {continued). 
Two equivalent positions: 

(i) OOu; OOQ. Q) \\vl\ \\^. 

(J) Oiu; Oia. (m)uvO; tl^O. 

(k) i u; J a. (n) u V J; a ^ J. 

Four equivalent positions: 

(o) xyz; xyz; xyz; xyg. 
Space-Group 0^5,. 

TuH) equivalent positions: 

(a)OOi; 00|. (d)Hi; Hi 

(b) OH; OH. (e) uvO; tli^i. 

(c) iOi; iOf 

Four equivalent positions: 

(f) xyz; X, y, z+J; xyz; x, y, i-z. 
These coordinate positions can be simplified by transferring the origin to 

the point ( 9' ] of this first set. They then become : 

Two equivalent positions: 

(a) 000; OOi (d) HO; Hi 

(b) OJO; OH. (e) uvi; tl^i 

(c) JOO; iOi. 

Four equivalent positions: 

(f) xyz; x, y, z+J; x, y, J-z; xyz. 
Space-Group Cjh. 

Two equivalent positions : 

(a) 000; OH. (c) iOO; Hi 

(b) OOi; OiO. (d) HO; iOJ. 

Four equivalent positions: 

(e) OH; OH; oH; oif 

(f) Hi; Hi; Hi; Hi 

(g)OOu; OOQ; 0, i u+J; 0, i J-u. 
iOQ; i i u+J; i i J-u. 
Q^O; u, v+i i; a, i-v, i 

£?^/i/ equivalent positions: 

(j) xyz; xyz; x, y+i, z+i; X, i-y, z+i; 
xyz; xyz; x, J-y, J-z; x, y+i i-z. 

Space-Group Ca^. 

Two equivalent positions: 

(a) iOO; iOO. (d) iiO; fJO. 

(b)iH; iH; (e) oou; ioa. 

(c) iOJ; iOi (f) Hu; O^G. 



(h) iOu 
(i) uvO 
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Space-Gbottp C^ (continued). 
Four equivalent positions: 

(g) xyz; xyz; x+i, y, 2; i-x, y, 2. 
These coordinate positions can be simplified by transferring the origin to 

the point ( ^ ) of ^^ ^^t set. They then become: 

Two equivalent positions: 

(a) 000; iOO. (d) OJO; HO. 

(b)OH; Hi (e) jou; foa. 

(c) OOJ; JOi. (f) iiu; iU- 

Four equivalent positions: 

(g) xyz; i-x, y, z; x+i, y, z; xyz. 

SpACE-Group C2h. 

Ttoo equivalent positions: 

(a) iOi; iOi (c) iOi; fOJ. 

(b)iH; iH. (d)iH; iH- 

Four equivalent positions: 

(e) xyz; x, y, z+i; x+J, y, z; J-x, y, J-z. 

These coordinate positions can be simplified by transferring the origin to 
the point f -^, ^) of this first set. They then become: 

Two equivalent positions: 
(a) 000; iOJ. 
(b)OiO; Hi. 

Four equivalent positions: 

(e) xyz; i-x, y, z+i; x+i, y, i-z; Xy2. 

Space-Gboup CaV 

Four equivalent positions: 

(a) JOO; iOO; iH; 
(b)iOi; IOi; HO; 

(c) IH; iii; Hi; 
(d)Hi; HI; Hi; 

(e) OOu; iOtl; 0, i, u+i; i, i, i-u. 
Eight equivalent positions: 

(f) xyz; Xyz; x+i, y, g; i--x, % 2; 

X, y+i, z+i; x, i-y, z+i; x+i, y+i, i-z; 

i-x, i-y, i-z. 

A change of origin to the point ( ^ ) of this set of coordinates would simplify 
(a) and (b). 



(c) 00§; 

(d)OH; 


iOO; 
HO. 


x+i, y, 


h-z; 


HO. 

iff 

ill 
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ORTHORHOMBIC SYSTEM. 

A. HEMIMORPHY. 
Spacb-Gbottp Ct^. 

One equivalent position: 

(a) OOu. (c) iOu. 

(b) Oiu. (d) Hu. 

Two equivalent positions: 

(e) uOv; aOv. (g) Ouv; Ottv. 

(f) ujv; uiv. (h) Juv; Jtiv. 

Four equivalent positions: 

(i) xyz; 5cyz; xyz; xyz. 

Spacb-Geoup C,\. 

Two equivalent positions: 

(a) uOv; a, 0, v+J. (b) ujv; a, i, v+i 

Four equivalent positions: 

(c) xyz; X, y, z+§; xyz; x, y, z+i 

Spacb-Gboup C2T. 

Two equivalent positions: 

(a) OOu; 0, 0, u+f (c) iOu; J, 0, u+J. 

(b)Oiu; 0, i u+J. (d)H«; i, i u+J. 

Four equivalent positions: 

(e) xyz; xyz; x, y, z+J; x, y, z+J. 

Spacb-Gboup C^. 

TiDO equivalent positions: 

(a) OOu; iOu. (b)iiu; O^u. (c) Juv; }av. 

Four equivalent positions: 

(d) xyz; xyz; x+i, y, z; J-x, y, z. 

Spacb-Gboup Cav. 

Four equivalent positions: 

(a) xyz; X, y, z+i; x+i, y, z; i-x, y, z+i. 

Spacb-Gboup C^V 

Ttpo equivalent positions: 

(a) OOu; i, 0, u+i (b)Hu; 0, i u+J. 

Four equivalent positions: 

(c) xyz; Scyz; x+i y, z+i; i-x, y, z+J. 
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Space-Group CjV 

Two equivalent positioos: 

(a) i u v; i Q, v+i- 
Four equivalent positions: 

(b) xyz; x, y, z+J; x+i, y, z+i; i-x, y, z. 

A slight siraplification can be effected by transferring the origin of coordi- 
nates to -^ of this first set. They then become : 

Two equivalent positions: 

(a) Ouv; i, Q, v+f 

Fow equivalent positions: 

(b) xyz; J-x, y, z+i; x+J, y, z+i; Xyz. 

Spacb-Group CaV 

TuH) equivalent positions: 

(a) OOu; Hu. (b) jOu; OJu. 

Four equivalent positions: 

(c) xyz; xyz; x+J, J-y, z; J-x, y+i, z. 

Space-Group Cay. 

Four equivalent positions: 

(a) xyz; x, y, z+i; x-fj, i-y, z; i-x, y-h§, z-hi. 

Space-Group CJJ. 

Two equivalent positions: 

(a) OOu; i, J, u-hi (b) i u; i, 0, uH-J. 

Four equivalent positions: 

(c) xyz; xyz; x+i, i-y, z-hi; i-x, y-hi, z+J. 

Space-Group CJ^. 

Ttoo equivalent positions: 

(a) OOu; Hu. (b) iOu; O^u. 

Four equivalent positions: 

(c) Hu; Hu; Hu; l}u. 

(d) uOv; aOv; u-hi, i, v; i-u, i, v. 

(e) Ouv; Oav; i, u+i, v; j, J-u, v. 

£i{^U equivalent positions: 

(f) xyz; xyz; xyz; xyz; 

x+J, y+i z; i-x, J-y, z; x+J, i-y, z; J-x, y-hi, z. 
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Space-Grottp CjJ. 

Four equivalent poritions: 

(a) uOv; n, 0, v+§; u+J, |, v; J-u, J, v+f 

Eight equivalent positions: 

(b) xyz; X, y, z+J; xy«; X, y, z+i; 
x+iy+J, «; §-x, i-y, z+l; x+J, J-y, z; 

i-x, y+i, z+i 

Space-Gboup C2t- 

Four equivalent positions: 

(a) OOu; Hu; 0, 0, u+i; i i, u+i. 
(b)Oiu; iOu; 0, i, u+J; J, 0, u+i- 

(c) Hu; Hu; i i u+i; f, i, u+i. 

Eight equivalent positions: 

(d) xyz; Xyz; x, y, z+J; S, y, z+J; 
x+i, y+i z; i-x, i-y, z; x+J, J-y, z+J; 

i-x, y+i, z+i 

Spacb-Gboup CJJ. 

Tu)o equivalent positions: 

(a) OOu; 0, i, u+ J. (b) H u; J, 0, u+ J. 

Four equivalent positions: 

(c) uOv; QOv; u, J, v+i; tl, i, v+J. 
(d)Ouv; OQv; 0, u+J, v+i; 0, J-u, v+J. 

(e) Juv; iQv; i, u+J, v+J; i, i-u, v+J. 

£i(^M equivalent positions: 

(f) xyz; xyz; xyz; Xyz; 
x,y+i, z+i; X, i-y, z+J; x,i-y, z+J; X,y+J, z+J. 

Space-Gbottp Cfi. 

Four ^uivalent positions: 

(a) OOu; OJu; 0, 0, u+J; 0, J, u+J. 
(b)Hu; JOu; i, i, u+i; i, 0, u+J. 

(c) ujv; afv; u, 1, v+J; tl, J, v+J. 

Eight equivalent positions: 

(d) xyz; xyz; x, y, z+J; X, y, z+i; 
X, y+i, z+J; s, i-y, z+i; x, i-y, z; X, y+J, z. 

Spacb-Group CJJ. 

Four equivalent positions: 

(a) OOu; iOu; 0, i, u+J; i, i, u+i 

(b)iuv; }av; i, u+i, v+J; f, i-u, v+i. 



THE ORTHORHOMBIC SPACE-GROUPS CiJ-C»J. 55 

Space-Group CJJ (continued). 

Eight equivalent positions : 

(c) xya; xyz; x+i, y, z; J-x, y, z; 

X, y+i, z+i; x, i-y, z+i; x+i, i-y, z+i; 

i-x, y+i, z+i 

SPAClQ-GBOtTP C)^. 

Four equivalent positions: 

(a) OOu; Hu; i, 0, u+i; 0, i, u+J. 

£tVA< equivalent positions: 

(b) xyz; xfz; x+i, y, z+J; J-x, y, z+i: 
X, y+i, z+J; X, J-y, z+i; x+J, J-y, z; J-x, y+i, z. 

Space-Gbottp CiJ. 

Four equivalent positions: 

(a) OOu; Hu; i 0, u+i; 0, i, u+J. 

Eight equivalent positions: 

(b) JJu; iiu; i, i, u+i; i i u+i; 
ifu; iiu; J, i u+i; i i, u+i. 

(c) uOv; aOv; u+i i v; i-u, J, v; 
u+i 0, v+§; §-u, 0, v+J; u, i, v+J; a, |, v+J. 

(d) u v; a v; i, u+i, v; i, i-u, v; 

iu, v+i; i, ti, v+i; 0, u+J, v+i; 0, i-u, v+J. 

Sixteen equivalent positions: 

(e) xyz; xyz; xyz; xyz; 

x+i, y+i z; J-x, i-y, z; x+J, i-y, z; §-x, y+J, z; 
x+iy, z+i; i-x, y, z+i; x+i y, z+J; i-x, y, z+J; 
X, y+i, z+i; x, i-y, z+i; x,J-y,z+J; x, y+J, z+J. 

Spacs-Gboxtp Cs^ 

£i(^/i/ equivalent positions: 

(a) u; H u; i, i, u+i; f }, u+i; 
iO,u+i; 0,J,u+i; i i, u+}; i, i u+i 

Sixteen equivalent positions: 

(b) xyz; xyz; x+i, i-y, z+i; 

J-x. y+i, z+i 
x+i, y+i z; J-x, i-y, z; x+i J-y, z+i; 

1-x, y+i, z+i 
x+i y, z+i; i-x,y, z+i; x+i, i-y, z+i; 

i-x, y+i, z+i 
X, y+i, z+i; X, i-y, z+i; x+i, i-y, z+i; 

i-x, y+i, z+i 
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Spacb-Gboup C'^ 

Two equivalent positions: 

(a)00u; i, i u+J. (b) |0u; 0, J, u+J. 

F(mr equivalent positions: 

(c) uOv; tXOv; u+§, J, v+J; |-u, J, v+J. 
(d)Ouv; Oav; i u+i v+J; |, J-u, v+J. 

Eight equivalent positions: 

(e) xyz; 3cya; xfz; Xyz; 

x+i, y+J, a+i; i-x, J-y, z+J; x+J, J-y, z+J; 

l-x, y+J, z+J. 
Spacs-Gboup Cs^. 

Four equivalent positions: 

(a)0 0u; Hu; 0, 0, u+J; i, J, u+J. 
(b)Oju; iOu; 0, J, u+J; J, 0, u+i 

Eight equivalent positions: 

(c) xyz; xyz; x,y,z+i; x,y, z+J; 

x+J,y+i, z+J; J-x, i-y, z+J; x+J, J-y, z; 

l-x, y+J, z. 

Spacb-Gboitp C|^ 

Four equivalent positions: 

(a)00u; JOu; i, i u+J; 0, J, u+J; 
(b)Juv; }Qv; }, u+J, v+J; J, J-u, v+J. 

Eight equivalent positions: 

(c) xyz; xyz; x+J, y, z; J-x, y, z; 

x+J,y+J, z+J; J-x, J-y, z+J; x, J-y, z+J; 

X, y+J. «+ J 

B. HEMIHEDRY. 
Spacb-Gboxtp V*. 

One equivalent position : 

(a) 000. (d)OOJ. (g)OJJ. 

(b)JOO. (e)JJO. (h)JJJ. 

(c) OJO- (f) JOJ. 

Two equivalent positions: 

(i) uOO; a 0. (m)OuO; OtlO. (q) OOu; OOQ. 

(j) uOJ; tiOJ. (n)OuJ; OaJ. (r)JOu; JOQ. 

(k)uJO; QJO. (o) JuO; JflO. (s) OJu; Oju. 

0) uJJ; GJJ. (p)juj; JaJ. (t) JJu; JJO. 

Four equivalent positions: 

(u) xyz; xyz; Jcj^; xyz. 
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Spacb-Gboup V*. 

Two equivalent positions: 

(a) uOO; aOi (c) OuJ; OQl. 

(b)uH; tliO. (d)iui; jai 

Four equivalent positions: 

(e) xyz; xyz; 5,y,i-«; x,y,2+J. 

Space-Group V*. 

Two equivalent positions: 

(a) OOu; HQ- (b) OJu; §0a. 

Four equivalent positions: 

(c) xyz; x+i, i-y, 2; J-x, y+i, z; Xyz. 

Space-Group V*. 

Fcmr equivalent positions: 

(a) xyz; x+i J-y, z; X, y+J, J-z; J-x, y, z-hf 

Space-Group V*. 

Four equivalent positions: 

(a) uOO; aOi; u+i i, 0; i-u, i, J. 
(b)Oui; Oa}; i u+ii; i, J-u, f 

J^igAt equivalent positions: 

(c) xyz; xy2; X, y, J-z; x, y, z+J; 

x+i, y+i, z; x+J, i-y, 8; i-x, y+J, |-z; 

4-x, i-y, z+i. 

Space-Group V*. 

Two equivalent positions: 

(a) 000; HO. (c) OH; ioi. 

(b) iOO; OiO. (d) Hi; ooi 

Four equivalent positions: 
(e) uOO 



tiOO; u+i, i 0; J-u, i, 0. 

aH; u+i 0, J; i-u, 0, j. 

OQO; i, u+i, 0; i, i-u, 0. 

itl4; 0, u+J, i; 0, J-u, J. 

000; Hu; H^- 

OH; |0u; Hti. 

Hts; iiQ; Hu. 

Eight equivalent positions: 

0) xyz; xyg; Xy2; xyz; 

x+iy+Ji*; x+§, J-y, z; i-x,y+J,z; i-x, i-y, z. 



(f) uH 

(g) OuO 

(h)iui 
(i) OOu 

(J) Oiu 
(k)Hu 
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Sface-Gboitp V. 




Few equivalent positiotw: 




(a) 000; HO; iO|; OH- 




(b) iOO; 0|0; 00|; Hi 




(c) Hi; iH; HI; iH- 




(d)Hi; Hi; Hi; iH- 




£t(rA( equivalent positions: 




(e) uOO; 0; u+i, \, 0; J-u, i, 0; 




uH; «li; u+j, o, j; j-u, o, j. 




(f) OuO; 0(10; J, u+i, 0; J, J-u. 0; 




JuJ; Hi; 0, u+J, J; 0, J-u, J. 




(g) OOu; OOQ; §, 0, u+J; i 0, J-u; 




Hu; HQ; 0, 1, u+i; 0, i i-u. 




(h) i i u; } i u; }, i J-u; i, i, i-u; 




iH; fio; 1. i, u+i; i, i, u+i- 




(i) i«i; iui; i i-u, i; i, i-u, i; 




itli; loi; iu+i, i; i, u+i, i 




uii; uH; i-u, i 1; i-u, i, i; 




nil; oii; u+i. \, i; u+i, if 




Sixteen equivalent positions: 




(k) xy«; ^; Xy«; 


xyz; 


x+i.y+if«; x+i, i-y, 2; i-x, y+i, «; 


i-x, i-y, i; 


x+i, y, «+i; x+i, y, i-z; i-x, y, i-z; 


i-x,y, z+i; 


x,y+i, s+i; x, i-y, i-z; X, y+i, i-z; 


X, i-y, Ji+i- 



Spacb-Gboup V'. 




Two equivalent positions: 


(a) 000; iii. (c) OOi; iiO. 


(b)iOO: Oii (d) iOi; OiO. 


Fovr equivalent positions: 


(e) uOO; 


; Q 0; u+i, i, i; i-u, i, \. 


(f) uOii 


; tlOi; u+i, i, 0; i-u, i, 0. 


(g) OuO, 


; 000; i, u+i. i; i. i-u, i 


(h) Oui; 


; OOi; i. u+i, 0; i, i-u, 0. 


(i) OOu; 


; 0; i, i, u+i; i, i. i-u. 


(i) Oiu; 


; OiO; i, 0, u+i; i, 0, i-u. 



Eighi equivalent positions: 

(k) xyz; xy2; 



Xyz; 



xya; 



i-x, i-y, z+|. 
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Space-Gboxtp V. 

Four equivalent positions: 

(a) uOi; J-u, 0, }; 

(b) iuO; }, J-u, 0; 

(c) Oiu; 0, i i-u; 

Eight equivalent positions: 



H 11; h, i u+j. 



(d) xyz; x, y. |-«; j-x, 7. «; *• f-y, «; 

x+i y+i«+J; x+ii-y. 2; x, y+j, i-«; i-x,y,«+i; 



C. HOLOHEDRY. 
Spacb-Gboup VJ. 

On« equivalent position : 

(a) 000. (d)|0|. 

(b) iOO. (e) 0§0. 

(c) OOi (0 HO. 
Two equivalent pomtions : 

(i) uOO; QOO. (m)OuO; OttO. 

ao|. (n)Ou); oaf 

Q^O. (o) ^uO; iao. 

QJi (P)iuj; laf 



(«) OH. 
(h)Hi. 



0) uOJ; 
(k) u i 0; 

(1) uH; 



(q) OOu; 
(r) h u; 
(s) JOu; 
(t) J h u; 



OOQ. 

o|a. 

iOQ. 

HQ. 



Four equivalent positions: 
(u)Ouv; OQV; OuV 



(v) Juv; id^; iu^ 

(w)uOv; uO^; tlOt^ 

(x) u§v; ui^; tii^^ 

(y) uvO; uVO; ttvO 

(z) uvj; ut^J; Qv^ 

£ig/i/ equivalent positions: 

(a) xyz; xy2; 3cyf ; xyz; 

Spage-Gbottp Vj. 

Tt(?o equivalent positions: 

(a) 000; Hi 

(b) JOO; OH- 
Four equivalent positions: 

(e) Hi; iH; iH; 

(f) HI; iH; iJi; 

(g) uOO; 11 0; 

(h) uOi; nOi; 

(i) OuO; OaO; 

a) Oui; OQi; 

(k) OOu; OOQ; 

G) Oiu; OiQ; 



OQv. 
idv. 

aov. 
ajv. 

Q^O. 

u^i. 



xyz; 5cyz; xyz; xyz. 



(c) OOJ; 
(d)iOi; 



HO. 
0)0. 



Hi 

iii 
i-u, i, i; 

i-u, i 0; 
i i-u, i; 
i i-u, 0; 
i i, i-u; 
i 0, J-u; 



u+i, i, §. 

u+i, i, 0. 

i u+i, i 
i, u+i, 0. 
i, i u+i. 
i, 0, u+§. 
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Space-Gboup ^fl (continued). 
Eight equivalent positioos: 

(in)xyz; xyj; Xy«; xy«; 

i-x, i-y, i-«; i-x, y+i «+i; 



3t+J, l-y, »+§; 
x+i. y+i. i-«- 



Space-Gboup ^2. 

Two equivalent positions: 
(a) OOJ; OOf 

(b)Hi; Hi 
(c) OH; OH. 

(d)iOj; iOi 
Four equivalent positions: 



(e) 00 0; 
(0 *00 
(g)Oii; 

(h)iH; 



0|. 

ioj. 
oio. 
HO. 



(i) uOO 

0) uH 

(k) OuO 

0) iui 

(m) u 
(n)Hu 
(o) i u 
(p) JOu 
(q) uvj 



1100 

QH 
OflO 

Hi 
ooa 

HQ 
oia 

}oa 



ao); uOi 
aiO; ufo. 

Oa}; Oui 

iaO; }uO. 

0, 0, i-u; 0, 0, u+i 

i i i-u; h I, u+i 

0, i i-u; 0, J, u+J. 

i. 0, J-u; §, 0, u+J. 

Ovf; tl^i. 



£^U equivalent positions: 
(r) xys; xy*; 

X yi i-z; X, y, «+i; 



Xy2; xyz; 

X, y, z+i; X, y, f 



— z. 



Space-Gboup Vl. 



Two equivalent positions: 

(a) 000; HO. 

(b) §00; OiO. 

Four equivalent positions: 



(c) OH; ioi. 
(d)Hi; ooi 



(e) no 
(0 iif 

(g) uOO 

(h)uH 

(i) OuO 

0) iui 

(k) OOu 

G) o|u 



iiO; 

HI; 

0; 

OH; 

OQO; 

ifli; 

OOQ; 
Oiti; 



HO; 

Hi; 



HO. 
Hi 



i-u, i 

§-u, 0, i 

i i-u, 

0, i-u, i 



u+i i, 0. 
u+i 0, §. 
i u+i 0. 
0, u+i i 



Ha; 

JOQ; 



iiu. 

|0u. 



£tV^ equivalent positions: 

(m)xyz; xyS; 

l-x, i-y, i; J-x, y+i z; 



ty8; xy»; 

x+i §-yi «; x+i y+l, «. 
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Space-Gbotjp VJ. 

Ttoo equivalent positions: 

(a) 0; 0|. 

(b) i 0; i i 

(c) OH; oio. 

Four equivalent positions: 



(d) I i i; 

(e) Oui; 

(f) 4ui; 



HO. 
oaf. 

Hi 



(g) uOO 
(h)uji 
(i) Ouv 
a) iuv 
(k)uvi 



0; QO^; uO}. 

§ i; Q 1 0; u ^ 0. 

OQt; 0, u, §-v; 0, 11, v+J. 

§ Q V; i u, J-v; i, Q, v+ j. 

u^i; tlvj; Q^i. 



£19/1/ equivalent positions: 

G) 









xyz; xyz; x, y, J-z; 
xyz; xyz; x, y, z+i; 

Space-Group ^. 

Four equivalent positions: 

(a) HO; iiO; f H; fH- 

(b)}H; Hi; fiO; HO. 

(c) uOO; Q0§; |-u, i 0; u+J, i, J. 

(d) Oui; OQi; i, J-u, f; J, xi+i, J. 

fi^At equivalent positions: 

(e) xyz; ^; S, y, J-z; X, y, z+§; 

i-x, i-y, 2; §-x, y+J, z; x+i 4-y, z+i; 

x+i y+i, §-». 

A slight simplification of the two unigwiy defined positions [(a) and (b)] 
can be effected if the origin of coordinates is changed to the point ( "o ' "2" ) '^^ 
this first set. 
Spacb-Gbotjp VJ. 

7*100 equivalent positions: 

(a) iOO; iOi 
(b)iOO; iOJ. 

Four equivalent positions: 

(e) uOO 

(f) uH 

(g) OuJ 
(h)iuv 



(c) iH; HO. 

(d)Hi; iio. 



QOi; i-u, 0, 0; u+J, 0, J. 

Q i 0; J-u, I, §; u+i i, 0. 

Otlf; iQi; iui. 

J fl V; i u, J- v; i Q, v+i 



£t(7At equivalent positions: 

(i) xyz; xy2; 

i-x, y, 2; i-x, y, 



X, y, i-2; 
x+l, y, a+i; 



x+l, y, J-z. 
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Space-Group VJ (continued). 

By shifting the origin of coordinates to the point ( o^ ) ^' ^^ ^^ ^^> these 
positions become: 

Two equivalent positions: 

(a) 000; iOi (c) OH; HO. 

(b) JOO; OOJ. (d) Hi; OiO. 

Four equivalent positions: 

(e) uOO; QOO; J-u, 0, i; u+i, 0, f 

(f) uH; tiH; *-u, i o. u+i j, o. 

(g) iui; iOi; iQi; Juf 

(h)Ouv; Oti^^; i u, J-v; J, tX, v+J. 

EtfifM equivalent positions: 

(i) xyz; xyS; J-x, y, J-z; J-x, y, z+J; 
Xyg; Xyz; x+J, y, z+i; x+i, y, J-z. 

Spacb-Group VJ. 

Four equivalent positions: 

(a) OiO; OfO; OiJ; OH- 

(b)H4; H4; HO; HO. 

(c) uOO; aOi; QJO; uH- 

(d) Oui; Otii; 0, J-u, }; 0, u+}, I 

(e) Jui; ia}; i, i-u, }; i u+J, J. 

£^/i/ equivalent positions: 

(f) xyz; xyS; X, y, i-z; X, y, z+J; 

X, i-y, 2; X, y+§, «; x, J-y, z+J; x, y+i, J-z. 

The unique cases can be simplified by transferring the origin to the point I o )- 

Space-Group VJ. 

Two equivalent positions: 

(a) 000; HO. (c) 0*0; iOO. 

(b)00i; Hi (d)OH; JOi. 

Four equivalent positions: 
(e) OOu 



OOQ; Hti; Hu. 

O^Q; Ion; }0u. 

tX^O; u+i, i-v, 0; i-u, v+i 0. 

a^J; u+i, j-v, i; l-u, v+i. i 

£i(7M equivalent positions: 

(i) xyz; x+J, i-y, z; J-x, y+J, 2; xyz; 
xyz; J-x, y+i, z; x+i i~y, z; xyz. 



(f) Oiu 

(g) uvO 
(h)uvi 
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Space-Gboup V|?, 

Four equivalent positions: 

(a) Jii; Hi; iii; \\\ 
(b)iH; iH; Hi; iii 

(c) OOu; iJfl; \, \, i-u; 0, 0, u+i 
(d)OJu; iOQ; i 0, i-u; 0, §, u+§. 

Eight equivalent positions: 

(e) xyz; x+i, i-y, 2; §-x, y+i 2; xyz; 

i-x, i-y, i-z; X, y, z+i; x, y, z+J; J-x, i-y, z+i. 

^ T T T « 

By shifting the origin to f '^' ^' k ) ^^ uniquely placed arrangements can 
be slightly srmplified. 

Space-Group V". 

Four equivalent positions: 

(a) OiO; HO; HO; OfO. 

(b)OH; H*; Hi; off 

(c) OOu; Hu; O^Q; jOu. 
(d)iuv; iQv; i, i-u, v; i u+§, v. 

Eight equivalent positions: 

(e) xyz; x+i, J-y, 2; i-x, y+J, 2; syz; 

X, i-y, z; i-x, y, z; x+J, y, z; x, y+J, z. 

The unique cases can be simplified by placing the origin at the point ( ^ )• 

Space-Group V" 

Two equivalent positions: 

(a) OOi; Hi (c) OH; §0i 

(b)OOi; Hi (d)OH; ioi 

Four equivalent positions: 

(e) OOu; HQ; i, i u+i; 0, 0, i-u. 

(f) Oiu; JOQ; i, 0, u-hi; 0, §, i-u. 

(g) uvj; a^i; u+i J-v, i; i-u, vH-J, f. 

£igU equivalent positions: 

(h) xyz; x+i J-y, z; i-x, y+|, 2; Syz; 

X, y, i-z; J-x, y+i z+i; x+J, i-y, z+J; x, y, i-z. 

The unigu6 cases can be simplified by changing the origin to f ^ j. 

Spaci&^rotjp V" 

Two equivalent positions: 

(a) OOu; HQ. (b) Oju; iOa. 
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Space-Gboup V" (continued). 
Four equivalent positioDs: 

(c) HO; HO; HO; !fO. 
(d)Hi; iii; Hi; !H. 

(e) Ouv; Oav; i, J-u, ^; i, u+§, ^. 

(f) uOv; QOv; i-u, J, ^; u+J, J, ^. 

J?t0rU equivalent positions: 

(g) xyz; x+i i-y, z; J-x, y+i, z; xyz; 
i-x, i-y, z; xyz; xyz; x+i, y+J, z. 

The unique cases can be simplified by changing the origin to f k' n ). 

Space-Group V\J. 

Four equivalent positions: 

(a)iOi; Hi; iii; ioi 

(b)iO}; iiJ; Hi; iOf 

(c) OOu; ijQ; i 0, §-u; 0, J, u+i 

J?t(/U equivalent positions: 

(d) xyz; x+i, i-y, 2; i-x, y+i, z; x^z; 

i-x, y, i-z; X, y+J, z+i; x, i-y, z+J; x+J, y, J-z. 

By changing the origin to the point (§' |') the iim(ru6 cases are simpUfied. 

Space-Gboup V" 

Four equivalent positions: 

(a) 000; HO; OH; iof 

(b) Hi; OOi; iOO; OJO. 

Eight equivalent positions: 

(c) xyz; x+i, J-y, z; x, y+i, J-z; J-x, y, z+f 
Xyz; i-x, y+i, z; x, J-y, z+i; x+J, y, J-z. 

Space-Gboup Vfc* . 

Four equivalent positions: 

(a)iiO; HO; Hi; iii 
(b)Hi; iH; HO; ifo. 

(c) Ouv; i, i-u, ^; 0, u+J, i-v; i, G, v+i. 
^i^A/ equivalent positions: 

(d) xyz; x+J, J-y, z; x, y+i, i-z; i-x, y, z+J; 
i-x, i-y, 2; xyz; x+i, y, z+J; x, y+§, J-z. 



The unique cases are simplified when the origin is changed 



to (?' ?)• 
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Spacs-Gboup V". 

Fowr equivalent poeitions: 

(a) 000; 00|; HO; Hi 

(b) |0 0; §0}; 0|0; OH- 
(c)Oui; OH}; i u+J, i; J, J-u, f 

Eight equivalent positions: 



(d)HO 

HO 

(e) uOO 
OOi 

(f) Ouv 
OtlV 

(g) uvj 



HO; Hi; Hi; 
HO; iH; iii. 
QOO; i-u, i, i; u+i, i, i; 

uOi; u+i, i, 0; i-u, i, 0. 
0, u, i-v; i, u+i, v; i, u+i, i-v; 
0, Q, v+i; i, i-u, ^; i, i-u, v+f 
u^l; u+i, v+i, i; u+i, i-v, i; 
Qvi; i-u, i-v, }; i-u, v+i, i. 



Sixteen equivalent positions: 



(h) xyz; xyz; X, 
xyf; xyz; x, 

x+i, y+i, z; 



y, i-«; X. y. a+i; 

y, z+i; X, y, i-z; 

x+i, i-y, 2; i-x, y+i, i-z; 

i-x. i-y. Ji+i; 

i-x. i-y, 2; i-x, y+i, z; x+i, i-y, z+i; 

x+i, y+i, i-z. 



Space-Gboup V". 

Four equivalent pomtions: 

(a) iOO; lOi; iiO; 
(b)iOO; iOi; iiO; 

Eight equivalent positions: 



iii. 
Hi. 



(c) ojo 

iio 

(d) uOO 

uii 

(e) OuJ 
0Q| 

(f) iuv 



OJO; 
iiO; 
QOi; 
QiO; 

iQ}; 
iui; 



Oii; 
iH; 

i-u, 0, 

i-u, i, i 

i, i-u, \ 
i, u+i, i 



OH; 
iii. 

u+i, 0, i; 
u+i, i, 0. 
0, u+i, i; 



0, i-u, i 
i u, i-v; i u+i, v; \, u+i, i-v; 
i % v+i; i i-u, V; J, i-u, v+f 



Sixteen equivalent positions: 

(g) xyz; xy2; X, y, i-z; X, y, z+i; 

i-x, y, 2; i-x, y, z; x+i, f, z+i; x+i, y, i-z; 
x+i, y+i, z; x+i, i-y, 2; i-x, y+i, i-z; 

i-x, i-y, z+i; 

X, i-y. 2; X, y+i, z; x, i-y, z+i; x, y+i, i-z. 
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Space-Group V" (continued). 

Four equivalent positions: 

(c) HO; iiO; HO; i}0. 

(d)HJ; iH; Hi; iH- 

(e) Ouv; Oav; J, i-u, ^; J, u+J, ^. 

(f) uOv; QOv; J-u, J, t; u+J, J, 1^. 

J^t^U equivalent positions: 

(g) xyz; x+J, i-y, z; J-x, y+J, z; xyz; 
i~x, i-y, z; xyz; xyz; x+J, y+i, z. 

The untgu6 (»ses can be simplified by changing the ori^ 

Space-Group V^f . 

Four equivalent positions: 

(a) ioi; iH; Hi; ioi. 
(b)ioi; iH; iH; ioi. 

(c) OOu; Hfl; i 0, i-u; 0, i, u+J. 
£t(/U equivalent positions: 

(d) xyz; x+i, J-y, z; J-x, y+J, z; xyz; 

4-x, y, i-z; X, y+J, z+J; x, J-y, z+|; x+i, y, J-z. 

By changing the origin to the point (§' I') the iim(^ 

Space-Group V" 

Four equivalent positions: 

(a) 000; HO; OH; iO|. 

(b) Hi; 001; iOO; OJO. 

J?t(/U equivalent positions: 

(c) xyz; x-Hi, J-y, g; x, y+i, J-z; J-x, y, z+J. 
xyz; i-x, y-Hi, z; x, J-y, z+i; x-hi, y, J-z. 

Space-Group V" . 

Four equivalent positions: 

(a)iiO; iiO; iiJ; iii 
(b)iii; iii; iiO; iiO. 

(c) Ouv; i, i-u, ^; 0, u+i, i-v; i tl, v-Hj. 

Eight equivalent positions: 

(d) xyz; x+i, i-y, 2; x, y+J, Hz; i-x, y, z+|; 
l-x, i-y, z; xyz; x+J, y, z-h§; x, y-Hf, §-i 

The unique cases are simplified when the origin is changod. 
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Spacb-Gboup V". 

Four equivalent poeitions: 

(a) 000; OOJ; i J 0; }iJ. 

(b) JOO; JOJ; OJO; OH- 

(c) Oul; 00 J; J, u+J, J; f J-u, J. 
£^/U equivalent poations: 

(d)HO; HO; iH; HJ; 
HO; HO; Hi; Hi. 

(e) uOO; 000; }-ii, J, J; u+J, J, J; 
00}; uOJ; u+}, }, 0; J-u, }, 0. 

(f) Ouv; 0, u, i-v; i, u+}, v; i, u+J, }-v; 
OOV; 0, 0, v+i; i, }-u, 9; i, }-u, v+J. 

(g)iivi; ufH; u+}, T+}, i; u+J, j-y, }; 

OTl; Ovi; J-u, J-y, j; J-u, y+J, J. 
Sixteen equiyalent positioiu: 

(h) xyz; xyg; X, y, J— z; t, y, Z+J; 

xyg; 5tyz; x, y, z+J; x, y, J— z; 

«+J, y+J, z; i+J, J-y, 2; J-x, y+j, }-z; 

J-x, J-y, z+J; 



*-■■. J-y, >; 4-x, 


.y+J, 


'; x+J, J-y, z+J; 
X+J, 


y+}, J-2- 


Spacb-Ghoup V". 








Four equiyalent positiona; 








(a) iOO; iOJ; }J0; 
(b)}00; JOJ; JJO; 


IJJ. 

Hi- 






Eight equiyalent positions: 








(c) OJO; OJO; OJJ; 


OJJ; 


i+», 0, J; 
■+J, J, 0. 
1, u+J, }; 
>, §-«. 1- 
»; J, u+J, J-y; 

'; }. J-u, y+J. 





y, J-»; J, y, z+J; 

J. y, z+J; x+J, y, J-z; 

'; J-», y+J, j-z; 

J-x, J-y, Z+J; 
l-y, z+J; X, y+J, J-z. 



€6 



IHE ORTEOREOMBIC SPACE-GROUPS v\f-V?. 



Space-Group V" . 

Two equivalent poaitioDfl: 

(a) 000; HO. 

(b) JOO; OiO. 

Four equivalent positions: 



(c) OH; 
(d)Hi; 



JOJ. 
00}. 



(e) iiO 

(f) Hi 

(g) uOO 

(h)uH 

(i) OuO 

(J) iui 

(k) OOu 
a) Oiu 



JiO; HO; HO. 

Hi; fii; Hi. 

a 0; u+i, i, 0; i-u, i, 0. 

Qii; u+i, 0, i; i-u, o, i. 

oao; i, u+i, 0; i, i-u, 0. 

iai; 0, u+i, i; 0, i-u, i. 

a; iiu; iia. 

Oifi; iou; iOtl. 



Eight equivalent positions: 



(m)Hu 

(n) u V 

OQv 
(o) uOv 

uOv 
(p) uvO 

uvO 
(q) u V i 

u^i 



iiti 
iiu 

Ou^ 

oav 

tiO^ 
tlOv 

avo 

Qvi 



iia; 

iiu; 



iiu; 

iiQ. 



i, u+i, v; 
i i-u, V; 
u+i, i, v; 
u+i, i, v; 
u+i, v+i, 
u+i, i-v, 

u+i, v+i, i 
u+i, i-v, i 



i, u+i, ^; 

i, i-u, V. 

i-u, i, ^; 
i-u, i, V. 
i-u, i-v, 0; 
i-u, v+i, 0. 
i-u, i-v, i; 
i-u, v+i i. 



Sixteen equivalent positions 



(r) xyz; xyz; 
xyz; xyz; 

x+i, y+i, z; 

i-x, i-y, z; 
Spa jb-Groxtp V^. 



xyz; 5cyz; 
xyz; xyz 

x+i, i-y, z; 

i-x, y+i, z; 



i-x, y+i, z; 
x+i, i-y, z; 



i-x, i-y, «; 

x+i, y+i, i. 



Four equivalent positions: 
(a) 000; OOi; iiO; 



(b)iOO; 
(c) OOi; 
(d)Oii; 

(e) iii; 

(f) iii; 



iOi; 
OOi; 

Oii; 
iii; 
iii; 



OiO; 

iii; 
ioi; 

iii; 

iii; 



iii 
Oii 

iii 
ioi 

}ii 
iii 



Eight equivalent positions: 



(g) uOO 

QOO 

(h) u 

oao 



u J; u+i i 0; 

GOi; i-u, J, 0; 

Oui; i, u+i, 0; 

oai; h i-u, O; 



vi+i, i, i; 
i-u, i, i. 
i. u+i, i; 
i, i-u, i. 
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Spacb-Ghoup V? {continued). 



(i) 



a) 



OOu 
OOQ 
Oiu 

oia 

(k)Hu 

Hu 

a) uvj 



}0u 



0, 0, u+J; 
0, 0, i-u; 
0, i u+J; 
0, h J-u; 

i i §-u; 
u+i v+J, i; 
J-u, i-v, i; 



Qv} 

Sixteen equivalent positions: 
(m) xyz; xyS; 

X, y, i-z; X, y, a+J; 

x+i y+i 2; x+i i-y, 2; 



i. J. i-u. 
i. 0, u+J; 

i, 0, i-u. 

i i, u+j. 
u+i, J-v, i; 
i-u, v+i i 



Xyz; 

i-x, y+i, 2; 



x,y,i-a; 



i-x, J-y, 

J-x, J-y, |-a; §-x, y+i z+J; x+J, J-y, a+J; 

x+i, y+i. i- 



«; 



z. 



Spacb-Gboup V". 

F<mr equivalent positions: 



(a) 00 0; 
(b)0 0§; 

(c) iOO; 

(d) i J h 

(e) OiO; 

(0 Hi; 

(g)iiu; 



ioo 

foo 
IH 

010 

Hi 
HQ 



£t(7U equivalent positions: 



(h) uOO 
tlOO 

(i) uH 
AH 

G) ouo 

OQO 
(k)iu§ 

Hi 

(1) OOu 

OOQ 

(m) i u V 

in? 

(n) u i V 



afo 

uiO 

noi 
uoi 
f ao 

iuO 
OQi 

Oui 
ioa 
iou 
|uv 

iQv 
u}^ 



HO; 
iif; 

!iO; 
iOi; 
HO; 

oii; 
iia; 



oio. 

oii. 
iio. 
ioi. 
iio. 

OH. 
iiu. 



i-u, i, 

u+i i 

i-u, 0, i 

u+i, 0, i 

i, i-u, 
i, u+i, 

0, i-u, i 
0, u+i, i 

OiQ; iiu; 
i u; i i a. 
i u+i, v; i, u+i, ?; 



u+i, 0, 0; 
i-u, 0, 0. 

u+i, i, i; 
i-u, i, i. 
0, u+i, 0; 
0, i-u, 0, 
i, u+i, i; 
i. i-u, i. 



i i-u. V; 
u+i, i, v; 
i-u, i t; 



(l}v 

Sixteen equivalent positions: 
(o) xyz; xyf; 

i-x, S, §; i-x, y, z; 
x+i, y+i, a; x+i, i-y, «; 

X, i-y, 2; *, y+i, «; 



i i-u, v. 
u+i, i, V; 
i-u, J, v. 



Xy5; 

x+i, y, «; 



xya; 

x+i, y. 



8; 



i-x, y+i, 2; i-x, i-y, z; 
X, i-y, »; X, y+i, «. 
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Spacb-Groxtp V?. 

Four equivalent positions: 

(a) 000; iOi; HO; 

(b) iOO; OOi; OJO; 

Eight equivalent positions: 



(c) 



(d)Oii 

Hi 

uOO 
QOO 
OuO 
OQO 
(g) OOu 

ooa 

(h)iiu 



(e) 
(f) 



2 111 

* 4 U 



iOf; 

iif; 
OH; 
HI; 



ioi; 

iH; 
Oil; 

HI; 
u+i 0, i 

i-u, 0, \ 

0, u+i J 
0, J-u, i 
0, i u+J 

0, i, i-u 



OH. 
Hi 

lOJ; 

iH. 
OH; 
iii. 

u+i }, 0; 
i-u, i 0; 

i, u+i, 0; 
i, J-u, 0; 
i, 0, u+i; 



uii; 
OH. 

JflJ. 

H«; 



i, 0, i-u; 
iiQ; i, i i-u; i, i, u+J; 
iiQ; i i, i-u; i i u+f 

Sixteen equivalent positions: 

(i) xyz; xy2; 

i-x, y, z+J; 

x+i J-y, 2; 

X, y+i, z+i; 



xyz; 

i-x, y, i-z; 

x+l, y+i, z; 

X, i-y, i-z; 
Spacb-Gboup V?. 



xjrz; xyz; 

x+i y, z+i; x+i, y, J-«; 

i-x, y+i2; i-x, J-y, z; 

X, i-y, z+i; x, y+J, J-z, 



Four equivalent positions: 

(a) 000; iiO; iOi; OH. 

(b) iOO; 0^0; 0^- Hi- 

Eight equivalent positions: 



(c) Oii 

Hi 

(d)iOi 

fii 

(e) iiO 

fii 

(0 iii 
Hi 

(g) uOO 
QOO 

(h) u 
OQO 

(i) OOu 

ooa 



OH; 

Hi; 
iOi; 

iH; 
iiO; 

iii; 
iii; 
iii; 

u+J, 0, J 

i-u, 0, i 
0, u+i, i 

0, i-u, i 
0, i u+i 
0, i, i-u 



Oii; 

iii; 

iOi; 

iii: 

iiO; 

iii; 
iii; 
iii; 



Oii; 

iii. 
ioi; 

iii. 
HO; 

iii. 

iii: 

iii. 
u+i, i, 0; 
i-u, i, 0; 
i, u+i, 0; 
i, i-u, 0; 
i, 0, u+i; 
i, 0, i-u; 



<• 



uii; 

Qii. 
iui; 

iQi. 
iiu; 

iiQ. 
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Space-Gboxtp Yf (continued). 
Sixteen equivalent positions: 



a) Hu 

Hu 

HO 
(k)iui 

all 
ull 

(m) u V 
OOV 
OuV 
OQv 

(n) u V 

GOV 
QOv 
(o) uvO 
uVO 
QvO 



Hu 
IIQ 

liu 

HO 
iu| 

|Qi 
|ui 

iai 
uH 

all 
u|i 
Qil 



i, i, u+i 
I, i i-u 
I, i u+i 
i, 1, i-u 
i, u+i, i 
I, i-u, I 
I, u+i I 
i, i-u, i 
u+i i, i 
J-u. I, I 

u+i, I, I 
i-u, i, I 



0, u+i v+J 
0, i-u, J-v 
0, ii+i i-v 

0, i-u, v+§ 
u+i, 0, v+\ 

u+i, 0, l-v 

l-u, 0, i-v 

J-u, 0, v+J 
u+i v+i 
u+i i-v, 
i-u, v+i, 
§-u, i-v, 



I, i u+J; 

I, i, §-u; 
I, i, u+i; 

i I. i-u- 
i u+i I; 

I, i-u, i; 
i u+i i; 
i J-u, I- 
u+i i, I; 

i-u, I, i; 
u+i, I, i; 



U+J, V 

i u+i ^ 

i, i-u, V 
u+i, J, V 

U+J, J, V 

J-u, J, t 
i-u, i V 
u+i V, i 
u+§, t, J 

i-u, V, i 
l-u, t, i 



i 
i 

i, 
i, 

u, 
u, 
Q. 

u, 

a, 



«, v+i; 

Q, i-v; 
u, J-v; 
0, v+i. 
i v+J; 
J, J-v; 

i v+J. 

v+i, i; 

i-v, §; 
v+i i; 
J-v, J. 



Thirty-two equivalent positions: 



(p) xy«; xyz ; 
xyjl; 3ty«; 

x+i, y+i z 
i-x, i-y, 2 
x+J, y, «+i 
i-Xf y, i-2 
^, y+i. z+i 
X. i-yi i-2 



Xy2; xya 
^xyz; xy2 

x+i, i-y, 8 
i-x, y+i z 
x+i. y. i-z 

i-x, y, z+J 

X, i-y, J-z 
X, y+i, z+i 



i-x. y+i, 8 
x+i i-y, z 
i-x, y, i-z 
x+i, f, z+i 
X, y+i, i-z 
X, i-y, z+i 



i-x, i-y, z; 
x+i, y+i, r 
i-x, y, z+i 

x+i, y, i-zi 

X, i-y, a+ii 
X, y+i, i-z. 



Sface-Grottp V^. 

Eight equivalent positions: 



(a) 00; 

HI; 

(b)iOO; 

HI; 



iiO; 

III; 

OiO; 

Hi; 



iOi; 

HI; 

OOi; 

HI; 



Oii; 

HI. 
iii; 
HI 
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as 



Space-Group VV (continued). 
Sixteen equivalent positioos: 



(c) Hi 
kii 
Hi 
Hf 

(d)lff 

HI 
iH 
Hi 

(e) uOO 
tiOO 

uH 

AH 

(0 OuO 

oao 

(g) OOu 

ooa 
*iu 



iii: 
Hi; 
iH; 
fif; 
Hi; 
iii; 
Hi; 
iii; 



iii; 
iii; 
iii; 
iii; 
iii; 
iii; 
iii; 
iii; 

u+i, 0, i 
i-u, 0, i 
u+i I, 
i-u, i 
0, u+i, i 
0, i-u, I 
i, u+i, 
i i-u, 
0, i, u+i 

0, i. i-u 

i, 0, u+i 
i 0, i-u 



Hi 
iii 
iii 
iii 
Hi 
iii 
iii 
Hi- 

u+i, i. i 

i-u, i, i 

u+i, i i 
i-u, i i 
i u+i, i 
\, i-u, i 
i u+i, I 

f i-u, I 
i, i, u+i 
i, i. i-u 
i i. u+i 



u+i i, i; 
i-u, i, i; 
u+i i i; 
i-u, i i 
i u+i i; 
i i-u, i; 
i u+i i; 
i i-u, i 
i i u+i; 
i i i-u; 
i i u+i; 
i i i-u- 



i i i-u; 
Tka1ff4wo equivalent positions: 

(h) xys; xyi; fyi; xyi; 

i-x. i-y. i-»; i-x. y+i »+i; x+i i-y, »+i; 

x+i y+i i-»; 

x+i y+i. »; x+i, i-y, f; i-x, y+i »; i-x, i-y, «; 
i-x, i-y, i-»; i-x, y+i s+i; x+i i-y, s+i; 

x+i y+i i-a; 
x+iy, »+i; x+iy, i-»; i-x, y, i-«; i-x,y, a+i; 
i-x, i-y, i-»; i-x, y+i »+i; x+i i-y, «+i; 

x+i y+i i-»; 
X, y+ia+i; X, i-y, i-»; x, y+ii-»; *, i-y, »+i; 
i-x, i-y, i-»; i-x, y+i »+}; x+i i-y, i+i; 

x+i y+i i-»- 



Spacs-Gbocp vy. 

Two equivalent positions: 

(a) 000; iii 

(b) i 0; i i. 
Four eqmvalent positions: 



(c) OOi; iiO. 
(d)iOi; OiO. 



(e) uOO 

(f) uOi 

(g) OuO 
(b) Oui 
(i) OOu 
(i) Oiu 



a 0; 

aoi; 

OQO; 
OQi; 
OOQ; 
Oia; 



u+i i, i; 

u+i i 0; 
i u+i, i; 
i u+i 0; 
i i u+i; 
i 0, u+i; 



i-u, i i 
i-u, i 
i i-u, i 
i i-u, 
i i i-u 
i 0, i-u. 



u 
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Space-Group V? {continued). 
Eight equivalent positions: 



(k)iH 
G) Ouv 

oav 

(m) u V 
(n) u V 



iii; iH; iii; 
iH; Hi; Hi 

Ou^; i, u+J, v+i; 

OQv; i i-u, i-v; 

uOv; u+J, J, v+i; 

aOv; J-u, J, J-v; 

u^O; u+J, v+i, i; 
avO; 



i u+i, i-v; 
i, i-u, v+§. 
u+i, i i-v; 
i-u, i, v+i 
u+i J-v, J; 
i-u, v+i, i. 



J-u, i-v, i; 

Sixteen equivalent positions: 

(o) xyz; xyz; xyz; 5cyz; 
xyz; Xyz; xyz; X3rz; 

x+i, y+i, z+§; x+J, J-y, J-z; J-x, y+J, i-z; 

i-x, J-y, z+J; 
J~x, i-y, i-z; i-x, y+J, z+i; x+J, i-y, z+i; 

x+i y+J, i-z. 



Space-Group V?. 

Four equivalent positions: 



(a) 000; OOi 

(b)iOO; iOh 

(c) OOi; 00} 

(d)OH; OH 



Eight equivalent positions: 



(e) iiO 

Hi 

(f) uOO 
000 

(g) OuO 

oao 

(h) OOu 

ooa 

(i) Oiu 

o§a 



HO 
IH 

u0§ 

ao§ 

Oui 
Ofl} 

Hu 

iOVL 

iOQ 



Hi; 

OH; 

HI; 
io}; 



HO. 

0)0. 

iH. 
ioi. 



fiO; HO; 

}H; Hi. 

u+i i 0: 
J-u, i 
i u+i, 0: 
i, i-u, 

i 0, u+i 
i 0, J-u; 
u+i i-v, i; 



u+J, i §; 
i-u, i i, 

i u+i i 
i i-u, i 
0, 0, u+i 
0, 0, i-u. 
0, i u+J; 
0, i J-u. 
u+i v+i }; 
i-u, §-v, i 



i-u, v+i 4; 

Sixteen equivalent positions: 

(k) xyz; xy2; Xy2; xyz; 

X, ?f J-2; X, y, z+J; X, f, z+i; x, y, J-z; 

x+i y+i a+i x+i J-y, §-z; i-x, y+i J-z; 

J-x, i-y, »+J; 

J-x, i-y, 2; J-x, y+iz; x+i J-y, z; x+i y+i «. 
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Space-Group VJ (continued). 

By shifting the origin of coordinates to the point (2^) of this first set, these 
positions become: 

Two equivalent positions: 

(a) 000; JOi. (c) OH; HO. 

(b) iOO; OOi (d) H*; OJO. 

Four equivalent positions: 

(e) uOO; uOO; i-u, 0, i; u+i, 0, f 

(f) uH; tiH; *-u, i 0. u+i i, 0. 

(g) iui; iQ}; iGf; Jui. 

(h)Ouv; Oav; i, u, J-v; i Q, v+J. 

£t(/M equivalent positions: 

(i) xyz; xyz; J-x, y, J-z; J-x, y, z+i; 
Xyz; xyz; x+J, y, z+i; x+J, y, J-z. 

Space-Group VJ. 

Four equivalent positions : 

(a) OiO; 010; Oii; OH- 

(b)H4; H*; HO; Ho. 

(c) uOO; aoi; a JO; uH- 
(d)Ou}; OQi; 0, i-u, J; 0, u+J, i. 

(e) iui; iGf; i i-u, }; i, u+i i 

Eight equivalent positions: 

(f) xyz; xyS; x, y, i-z; X, y, z+i; 

X, i-y, 2; X, y+J, z; X, J-y, z+J; x, y+J, §-z. 

The unique cases can be simplified by transferring the origin to the point ( o^ )- 

Space-Group VJ. 

TiDO equivalent positions: 

(a) 000; HO. (c) 0^0; iOO. 

(b)OOi; Hi (d)OH; ioj. 

Faur equivalent positions: 
(e) OOu 



a; Hti; Hu. 

OH; ^OQ; ^Ou. 

a^O; u+J, i-v, 0; i-u, v-Hi, 0. 

avj; u+J, j-v, i; i-u, v+i, i 

Eight equivalent positions: 

(i) xyz; x+i, i-y, z; J-x, y+i, z; xyz; 
5cyz; J-x, y+J, z; x+i, J-y. z; xy3. 



(f) 0}u 

(g) uvO 
(h)uvi 
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Space-Group Vif, 

Four equivalent podtions: 

(a)iii; Hi; iH; Hi 
(b)H}; iH; Hi; Hi 
(c) oou; Hu; i i i-u; o, o, u+i 

(d)Oiu; iOa; i 0, i-u; 0, §, u+i 

Eight equivalent positions: 

(e) xyz; x+i J-y, 2; §-x, y+i 2; xyz; 

J-x, J-y, J-z; X, y, z+J; x, y, z+J; i-x, J-y, z+i 

be slightly simplified. 

Spacb-Gboup V". 

Four equivalent positions: 

(a) OJO; HO; HO; 0*0. 

(b)oii; Hi; Hi; off 

(c) OOu; iJu; Oitl; iOu. 

(d)Juv; luv; i i-u, ^; i, u+i, t. 

Eight equivalent positions: 

(e) xyz; x+i, i-y, z; i-x, y+i, z; xya; 

X, i-y, z; i-x, y, z; x+i, y, z; x, y+i, z. 

The unique cases can be simplified by placing the origin at the point ( ^ )• 

Space-Group V" . 

Two equivalent positions: 

(a) OOi; iii. (c) Oii; iO}. 

(b)00}; iii. (d)Oii; iOi. 

Four equivalent positions: 

(e) OOu; iid; i, i, u+i; 0, 0, i-u. 

(f) Oiu; iOQ; i, 0, u+i; 0, i, i-u. 

(g) uvi; a^i; u+i, i-v, i; i-u, v+i, }. 

Eight equivalent positions: 

(h) xyz; x+i, i-y, 2; i-x, y+i, 2; x^z; 

X, y, i-z; i-x, y+i, z+i; x+i, i-y, z+i; x, y, i-z. 

The unique cases can be simplified by changing the origin to f ^ j. 

Space-Group V" 

TvH) equivalent positions: 

(a) OOu; iiQ. (b) Oiu; iOG. 
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Space-Group VJ (carUinued). 
SixUen equivaleDt poeitions: 

(j) xyz; xy2; Xy«; xya; 

y, X, z+i; y, X, J-«; y, X, J-a; y, X, z+J; 
x+iy+i a; x+J, J-y, f; J-x, y+J, 2; i-x, J-y, z; 
y+i, x+i, z+J; J-y, x+J, J-z; y+§, i-x, J-z; 

§-y» i-x, z+|. 



Spacb-Gbottf VJ* 












Four equivaknt positioiui: 








(a) 000; 


§00; 


HO; 


OiO. 






(b)Hi; 


OH; 


00 1; 


iOf 






(c) HO; 


HO; 


HO; 


iio. 






(d) JH; 


HI; 


H*; 


Hi. 






Eight equivalent podtions: 








(e) OOu; 


OOQ; 


iOu; 


iOQ; 






H«; 


Ha; 


0§u; 


OilL 






(f) iiu; 


Ho; 


Hu; 


iio; 


1 
> 




Htl; 


i|u; 


Hfl; 


Hu. 






(g) iuO; 


u 


ifO; 


fflO; QiO; 


i-u, 


i 0; u+i i, 


0; i 


u+i, 0; i 


, i-u, 0. 


(h)iuj; 




uH; 




iQi; 


flii; 


i-u, 


f i; 


u+i 


i, i; 


i u+i, i; 


i, i-u, i. 


Sixteen equivalent podtions: 








(i) 3cy»; 




yM; 




xy»; 


yx2; 


i-x, 


y, 3; 


i-y. 


X, z; 


x+i, y, 8 


; y+i, X, »; 


x+i y+i 2; 


y+i i-x, 2 


; i-x, i-y 


■, «; i-y, x+i, s; 


X. y+i, «; 


?.h- 


X, a; 


X, i-y, * 


; y, x+i, s. 


Sface-Gbouf VI* 












Four equivalent podtionfi: 








(a) 00 0; 


iO§; 


HO; 


oi§. 






(b)Hi; 


0}0; 


00§; 


ioo. 






(c) iii; 


HI; 


Hi; 


iif 






(d)iH; 


H«; 


Hi; 


iii 






£i0U equivalent positions: 








(e) OOu; 


OOQ; 


h 0, i 


Ku; 


i, 0, u+i; 




H«; 


HQ; 


0, i \ 


J-u; 


0, i, u+i. 




(f) iui; 




uH; 




iQi; 


Oil; 


i-u, 


il; 


u+i. 


i, i; 


i u+i, i; 


i, i-u, i. 


(g)iu}; 




ufi; 




iQj; 


Qii; 


§-u, 


i i; 


u+i, 


i i; 


i, u+i, }; 


i, i-u, i 


(h)Hu; 




ifti; 




Hu; 


iiti; 


i. i, ^ 


l-u; 


i, i' 


u+i; 


i i, i-u; 


I i, u+i. 



i 
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Space>Gboup V2 {continued). 
Sixteen equivalent pofiitions: 



(i) 



yxf; 

i-y, 8, z+J; 

y, i-x, z+J; 



xyz; 

J-x, y, J-z; 

x+i, y+i, 2; 

X, y+i J-z; 

Space-Gboup V2. 

Four equivalent positions: 

(a) 000; HO; iOj; 

(b) JOO; OJO; OOi; 

(c) Hi; Hi; iii; 

(d)iii; iii; iii; 

Eight equivalent positions: 

(e) OOu; iiu; i, 0, u+J; 
OOQ; Hfl; i 0, i-u; 

(f) iiu; iiQ; i, i, i-u; 
iiu; iia; i, i, i-u; 

Sixteen equivalent positions: 

(g) uOO; uii; u+J, i 



5^z; yxz; 

x+i, y, i-z; y+i, X, z+J; 

i-x, i-y, z; i-y, x+i, z; 

X, i-y, i-z; y, x+J, z+i 



Oii. 

iii. 
iii. 
iii 



0, i, u+i; 

0, i, i-u. 

i, i, u+J; 

i, i, u+i. 



QOO; 

OuO; 

OQO; 

(h)iui; 

uii; 
uii; 
iui; 
(i) uuv; 
uQI^; 
ilu"^; 
Qtiv; 



tiii; 

iui; 
itli; 

tiii; 

aii; 
iai; 

iai; 



i-u, i, 
i, u+i, 

i, i-u, 

i, 4-u, i 
i-u, i, i 
i-u, i, i 
i, i-u, i 



u+i, u+i, v; 
u+i, i-u, ^; 
i-u, u+i, 9; 
i-u, i-u, v; 



u+i, 0, i 
i-u, 0, i 
0, u+i, i 
0, i-u, i 

u+i, i, i 
u+i, i, i 
i, u+i, i 

i u+i, i 

u+i, u, v+i 

u+i, ti, i-v 

i-u, u, i-v 
i-u, a, v+i 



u, u+i, v+i; 
u, i-u, i-v; 
ti, u+i, i-v; 

Q, i-u, v+i. 



Thirty-ttvo equivalent positions: 



(j) xyz; xyg; 
yxz; yxz; 

x+i, y+i, z; 
y+i, x+i, z; 
x+i, y, z+i; 
y+i, X, z+J; 
X, y+i, z+J; 



xy2; xyz; 
yx2; yXz; 

x+i, i-y, 2; 
i-yi x+i, z; 
x+i, y, i-z; 
i-y, X, i-z; 
X, i-y, i-z; 

y, x+i, i-z; 



y, x+J, z+§; 

Space-Group V^. 

Eight equivalent positions: 

(a) 000; OOi; iiO; iii. 
iOi; iOO; Oii; OfO. 



i-x, y+i, z 

y+i, i-x, z 
i-x, y, i-z 

y+i, ^, i-z 
X, y+i, i-z 
y, i-x, i-z 



i-x, i-y, z 
i-y, i-x, z 
i-x, y, z+i 

i-y, X, z+i 

X, i-y, z+i 
y, i-x, z+i. 
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Space-Group V^ (continued). 



(b)00i 
(c) HO 

(<i)Hi 
iii 



Sixteen equivalent positions: 



(e) 



(0 



uOO 

noo 
uH 

OOu 
OOQ 

Hu 

(g) iiu 

iiQ 

(h)iui 



OOi; 
JOi; 
HO; 

Hi; 
iil; 
iii; 



Hi; 
OH; 

iJO; 

Hi; 
iil; 
Hi: 



iii; 
Oii. 
HO; 

iH 

Hi; 
Hi 



Oui 

oai 

iuO 

iao 
oiu 

OiQ 
iOu 

iiu 
iia 
iiu 

iitt 
tiii 
uii 

uii 
oii 



0, u+J, 
0, J-u, 

h «+i. i 
i, i-u, i 

0, i, u+i 

0, i §-u 
i, 0, u+i 
i, 0, i-u 

i, i, U+J 
i, i, i-u 

i i, u+J 

i i, i-u 
i i-u, i 
i, u+j, i 

i, u+l, i 

i i-u, i 



iui 

Thirty4,wo equivalent positions: 
(i) xyz; xyz; 

y, X, z+§; y, X, i-2; 



u+J, i 0; 
1-u, i 
u+i 0, i 
i-u, 0, i 
0, 0, u+J 
0, 0, J-u 
i i u+J 
J, J, J-u 
i, i u+J 

i, i, J-u 

I, i U+J 

i i J-u 
U+J, i, J 
J-u, J, } 
J-u, i i 
u+J, f, i 



xy«; 

y, X, z+J; 



Xyz; 

y, X, J-z; 

x+J, y+J, z; x+J, J-y, z; J-x, y+J, z; J-x, J-y, z; 
y+J, x+J, z+J; J-y, x+J, J-z; y+J, J~x, J-z; 

J-y, J-x, 2+J; 



x+J, y, z+J; x+J, y, J-z; 
y+J, X, z; J-y, x, z; 
X, y+J, z+J; X, J-y, J-z; 
y, x+J, z; y, x+J, z; 

Spacb-Group V".* 

Two equivalent positions: 
(a) 000; JJJ. 

Four equivalent positions: 

(c) JOO; OJJ; OJO; JOJ. 
(d)OJi; OJi; JOJ; JOf 

(e) OOu; a; J, J, u+J; 

Eight equivalent positions: 

(f) uOO; OuO; u+J, J, J; 
a 0; OQO; J-u, J, J; 



J-x, y, J-z; 
y+J, X, z; 
X, y+J, J-z; 
y, i-x, z; 



J-x, y, Z+J; 
J-y, X, z; 

X, J-y, a+J; 
y, J-x, z. 



(b) OOJ; JJO. 



J, J, J-u. 

i, U+J, J; 
J. J-u, J. 
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Space-Group V" {continued). 



(g)uOi 

(h) 0}u 
OH 

(i) uuv 
tltlv 



OuJ; u+J, J, 0; i, u+J, 0; 

OQJ; J-u, J, 0; i i-u, 0. 

iOu; 0, i u+i; i, 0, u+J; 

iOQ; 0, i i-u; i 0, J-u. 

uai^; u+J, u+i, v+i; u+J, i-u, i-v; 

Hu^; i-u, J-u, v+i; J-u, u+J, J- v. 

Sixteen equivalent poations: 

(j) xyz; xyg; ^; xyz; 
yxz; y^S; yX2; yXz; 

x+J, y+i z+J; x+§, i-y, J-z; i-x, y+i i-z; 

i-x, J-y, z+i; 
y+i x+J, z+J; i-y, x+J, i-z; y+J, J-x, i-z; 

i-yi 4-x, z+J. 
Space-Group V"*. 

Four equivalent positions: 

(a) 000; iOi; Hi; OH- 
(b)OOJ; JO}; HO; OH- 
£i(;A< equivalent positions 

(c) OOu; OOQ; i, 0, i-u; i 0, u+}; 

h i u+i; i, i, J-u; 0, i, }-u; 0, i, u+f 

(d)}ui; uii; fOi; a}*; 

i u+i, I; u+J, }, f; }, i-u, |; i-u, i f 

Sixteen equivalent positions: 

(e) xyz; yX2; Xyz; yxz; 

i-x, y, i-z; i-y, x, z+i; x+i, y, }-z; y+i, x, z+i; 
x+i, y+i, a+i; y+i, i-x, i-z; i-x, i-y, z+i; 

i-y, x+i, i-z; 
X, y+i, f-2; ?, i-x, z+f; x, i-y, i-z; y, x+i, z+i 

C. TETARTOHEDRY. 

Space-Group CJ. 

One equivalent position: 

(a) OOu. (b) iiu. 

Ttcw equivalent positions: 

(c) Oiu; iOu. 
Four equivalent positions: 

(d) xyz; yxz; xyz; yXz, 

Space-Group CJ. 

Four equivalent positions: 

(a) xyz; y, x, z+i; X, y, z+i; y, X, z+f 



80 IKE TEIRAGONAL SPACE-GROUPS cj-ci- 

Space-Gboup C4. 

Two equivalent positions: 

(a) OOu; 0, 0, u+J. (c) Oju; J, 0, u+J. 

(b) H u; i i u+ J. 

Four equivalent positions: 

(d) xyz; % x, z+i; Xyz; y, x, z+i. 
Space-Group CJ. 

FotiT equivalent positions: 

(a) xyz; y, x, z+f; X, y, z+J; y, x, z+i. 
Space-Gboup CJ. 

Two equivalent positions: 

(a) OOu; i J, u+i. 
Four equivalent positions: 

(b) Oju; iOu; i, 0, u+J; 0, J, u+J. 

Eight equivalent positions: 

(c) xyz; yxz; xyz; yxz; 

x+J, y+i, z+J; i-y, x+i, z+J; J-x, i-y, z+J; 

y+i J-x, z+i. 
Space-Group CJ*. 

Four equivalent positions: 

(a) OOu; 0, i u+i; i, 0, u+J; i, i u+i 

£19^ equivalent positions: 

(b) xyz; y, J-x, z+J; xyz; |-y, x, z+i; 

x+J, y+i z+i; y+i, x, z+f ; i-x, i-y, z+i; 

y, x+i, z+i 

D. PARAMORPHIC HEMIHEDRY. 

Space-Group C^. 

One equivalent position: 

(a) 000. (b)OOi (c)iiO. (d)iii 

Two equivalent positions: 

(e) i 0; i 0. (g) u; a. 

(f) Oii; iOi (h)iiu; iiQ. 

Four equivalent positions: 

(i) Oiu; iOu; Oiu; iOtl. 
(j) uvO; vuO; QVO; vQO. 
(k) uvi; ^ui; tl^i; vQi 



(i) Oiu 
a) uvO 
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Space-Group C^ {continued). 

Eight equivalent positions : 

G) xyz; yxz; xya; yXz; 
xyz; yxz; xyz; yx2. 

Space-Group CA. 

TtiM) equivalent positions: 

(a) 000; 00}. (d) OH; ^00. 

(b)HO; Hi. (e) OOi; 00}. 

(e) ojo; ioi. (f) Hi; Hi. 

Four equivalent positions: 

(g) OOu; OOG; 0, 0, u+i; 0, 0, J-u. 

(h)Hu; Hfl; i i u+i; i, i, i-u. 
ojQ; i, 0, u+i; i, 0, i-u. 

a^O; l^uj; vaj. 

£i(^A< equivalent positions: 

(k) xyz; y, x, z+J; xyz; y, X, z+J; 
Xyz; y, S, J-z; xyz; y, x, i-z. 

Space-Group Ci. 

Two equivalent positions: 

(a) OiO; iOO. (b)Oii; iOf (c) OOu; i|Q. 
FoiiT equivalent positions: 

(d)iiO; iiO; iiO; iiO. 

(e) iii; iii; iii; iii. 

(f) Oiu; iOu; JOQ; O^Q. 
Eight equivalent positions: 

(g) xyz; yxz; xyz; yXz; 

i-x, i-y, z; y+i i-x, f ; x+i, y+i, z; J-y, x-t-J, z. 

SpACB-Gr oup CA. 

Tuw equivalent positions: 

(a) OH; ioi. (b) OH; ioi. 

Four equivalent positions: 

(c) iiO; iJJ; fiO; Hi 

(d)iii; HO; Hi; HO. 

(e) OOu; JiQ; i i J-u; 0, 0, u+J. 

(f) OJu; J 0; J, 0, u+J; 0, §, J-u. 

£^A< equivalent pomtions: 

(g) jQTz; y, X, a+J; xyz; y, X, z+J; 
♦-X, i-y, 2; y+i i-x, J-«; x+J, y+J, 8; 

J-y, x+i J-«. 
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S^AcmGwoar CS^ 




Tkv eqntvalent poations: 




(a) 000; III (b)00i 


; HO. 


F<n<r eqmvalent poataou: 




(c) OiO; 100; }0J; Off 

^d)OH; ioi; OH; Jo|. 

(e) OOu; 000; J, J, u+i; J, 


*.*-». 


i^M eqttivaleiii poations: 




(0 III; III; III; HI; 
HI; III; III; III. 

(g) 0}u; |0u; i 0, u+i; 

OJO; JOO: 1,0, l-u; 
(h) urO; tuO; |-v, u+J, }; 

fltO; VflO; v+f, i-u, |; 


0, 1, «+J; 

0, i, i-VL 

u+l, v+l, 1; 
i-u, l-v, J. 



equivalent poaitions: 

(i) xya; yxa; 3^«; yiz; 
Stfi; yfS; zy3; ^; 

x+i y+l. «+l; l-y, x+i *+l; l-x. i-y. «+l; 

y+l, i-x, «+|; 
l-x, l-y. i-«; y+§. i-x. J-«; x+i y+J, J-»; 

i-y. *+l. I-*. 

Spaci-Qboup Cit-* 

Four eqtiivalent poaitiona: 

(a) OH; OH; HI; ^ 

(b)OH; OH; HI; ^il 

Eight equivalent poaitiona: 

(c) 000; HI; |0i; Hi; 
o|0; HI; HI; III- 

(d)OOi; Jii; |00; HI; 

OH; HI; HO; HI. 

(e) i u; i i, u+l; i f u+J; 0, f u+i; 
I a; i i J-u; i i, f-u; 0, i, }-u. 

SixUen equivalent poaitiona: 

(f) xyi; y+i, i-x, «+|; |-x, y, «+J; J-y, x+|, a+J; 
X, y+i i; y+i. I-x, i-a; |-x, J-y, J-s; 

i-y, x+i. l-« ; 
x+i y+i «+i; y+l, I-x, »+i; x, i-y, «; 

l-y, x+ i, a+i; 

x+iy, i-a; y+i i-x, |-«; xyi; |-y, x+ii-a. 
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E. HEMIMORPHIC HEMIHEDRY. 
Space-Group C4V. 

One equivalent position: 

(a) OOu. (b) Hu. 

Two equivalent positions: 

(c) 0}u; iOu. 
Four equivalent positions: 

(d) uuv; Quv; aav; uQv, 

(e) uOv; Ouv; aOv; OQv. 

(f) ujv; Juv; Qjv; iQv. 

Eight equivalent positions: 

(g) xyz; yxz; xyz; yxz; 
yxz; xyz; yxz; xyz. 

Spacb-Gboup C4* . 

Tv)o equivalent positions: 

(a) OOu; Hu. (b) OJu; JOu. 

Four equivalent positions: 

(c) u, i-u, v; u+J, u, v; Q, u+J, v; i-u, a, v. 
Eight equivalent positions: 

(d) xyz; yxz; xyz; yxz; 

y+ix+J, z; x+i, i-y, z; i-y, J-x, z; i-x, y+i. z. 

Space-Group C'y. 

Two equivalent positions: 

(a) OOu; 0, 0, u+i. (b) Hu; i, i, u+J. 

Four equivalent positions: 

(c) Oiu; iOu; i, 0, u+i; 0, i, u+i 

(d) uuv; Gtiv; d, u, v+i; u, Q, v+J. 

Eight equivalent positions: 

(e) xyz; y, x, z+i; xyz; y, %, z+J; 
yxz; X, y, z+i; yxz; x, y, z+i. 

Space-Group C*^.* 

Ttoo equivalent positions: 
(a) OOu; J, i u-l-i 

Four equivalent positions: 

(b)Oiu; 0, i, u-hi; iOu; i 0, u-|-i. 

(c) uuv; u+J, i-u, v+i; flfiv; J-u, u-|-J, v+^. 
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Space-Group €4^ (continued). 

Eight equivalent positions: 

(d) xyz; y+i, J-x, z+J; Jcyz; i-y, x+i, z+J; 
i-x, y+J, z+i; yxz; x+J, J-y, z+i; yxz. 

Space-Group C/y. 

Ttw equivalent positions: 

(a) OOu; 0, 0, u+i. (b) Hu; i i, u+i. 

Four equivalent positions: 

(c) Oiu; iOu; J, 0, u+J; 0, *, u+J. 

Eight equivalent positions: 

(d) xyz; yxz; 5cyz; yjcz; 

y, X, z+J; X, y, z-hi; y, x, z+J; x, y, z+J. 

Space-Gboup C4y. 

Two equivalent positions: 

(a) OOu; i i, u-hi 
Four equivalent positions: 

(b)Oiu; iOu; i, 0, u-hi; 0, i u+J. 

Eight equivalent positions: 

(c) xyz; yxz; Xyz; yxz; 

y+i x-hi, z-hj; x+i, i-y, z+i; J-y, J-x, z+i; 

i-x, y+J, z+J. 
Space-Group C7t. 

Tv)o equivalent positions: 

(a) OOu; 0, 0, u+i (b) Hu; i, i u+J. 

(c) Oiu; i 0, u+i 
Four equivalent positions: 

(d) uOv; aOv; 0, a, v+i; 0, u, v+J. 

(e) uiv; uiv; id, v+J; J, u, v+i 

£t(^M equivalent positions: 

(f) xyz; y, x, z+i; xyz; y, x, z+i; 
y, X, z+i; xyz; y, x, z+i; xyz. 

Space-Gboup C/y. 

Four equivalent positions: 

(a) OOu; iiu; i, i, u+i; 0, 0, u+i. 
(b)Oiu; iOu; i, 0, u+i; 0, i, u+i. 

Eight equivalent positions: 

(c) xyz; f, X, z+i; xyz; y, X, z+i; 

y+i, x+i, z+i; x+i, i-y, z; i-y, i-x, z+i; 

i-x, y+i, s. 
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Space-Group C!^. 

Two equivalent positions: 
(a) OOu; J, i, u+J. 

Four equivalent positions: 

(b)Oiu; iOu; i, 0, u+i; 0, J, u+i. 

Eight equivalent positions: 



(c) uuv 

oav 

(d) uOv 
tlOv 



uav; u+i, i-u, v+J; u+J, u+J, v+J; 

uuv; J-u, u+J, v+j; J-u, J-u, v+i. 

Ouv; J, u+i v+i; u+i J, v+J; 

Oav; i, J-u, v+J; J-u, i, v+J. 



Sixteen equivalent positions: 

(e) xyz; yxz; 5cyz; yXz; 
yxz; xjrz; yxz; xyz; 
x+i, y+i z+i; J-y, x+J, z+i; J-x, J-y, z+J; 

y+i §-x, z+J; 
y+i x+i, z+i; x+J, J-y, z+i; J-y, J-x, z+J; 

i-x, y+i, z+f 

Space-Group CiJ. 

Four equivalent positions: 

(a) OOu; Hu; i, i u+i; 0, 0, u+i 
(b)Oiu; iOu; i, 0, u-|-J; 0, i, u+i 

£t(jfM equivalent positions: 

(c) u. u+J, v; i-u, u, v; d, u+J, v+i; u+i, u, v+J; 
d, i-u, v; u+J, Q, v; u, J-u, v+J; i-u, Q, v+J. 

Sixteen equivalent positions: 

(d) xyz; yxz; xyz; yxz; 

y, X, z+J; X, y, z+J; y, X, z+J; x, y, z+i; 
x+i y+i, z+i; J-y, x+i, z+J; i-x, J-y, z+i; 

y+i J-x, z+J; 
y+i x+i, z; x+i, i-y, z; i-y, i-x, z; i-x, y+i, z. 

Space-Group C]J.* 

Four equivalent positions: 

(a) OOu; 0, i, u+i; i, 0, u+f; i, i, u+i. 

Eight equivalent positions: 

(b) Ouv; u, i, v+i; i, u+i, v+i; i-u, 0, v+}; 
Odv; ti, i, v+i; i, i-u, v+i; u+i, 0, v+i. 
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Space-Groxtp CU (continued). 

Sixteen equivalent positionfl: 

(c) xyz; y, J-x, z+J; sya; i-y, x, z+}; 
Syz; y, i-x, z+J; xyz; y+i x, z+J; 

x+i y+i, z+J; y+i x, z+i; J-x, J-y, z+i; 

y, x+i z+i; 

i-x, y+i, z+J; i-y, X, z+|; x+J, J-y, z+i; 

y, x+i, z+i. 
Space-Group C".* 

Eight equivalent positions: 

(a) OOu; 0, i, u+i; 
iiu; i, 0, u+i; 

Sixteen equivalent positions: 

(b) xyz; y, i-x, z+i; 
X, y, z+i; y, i-x, z+i; 



i, 0, u+i; 0, 0, u+i; 
0, i, u+i; i, i, u+i. 



xyz; i-y, X, z+i; 

X, y, z+i; y+i, X, z+i; 
x+i, y+i, z+i; y+i, X, z+i; i-x, i-y, z+i; 

y, x+i, z+i; 
i-x, y+i, z; i-y, X, z+i; x+i, i-y, z; y, x+i, z+f 





F. ENANTIOMORPHIC HEMIHEDRY. 


Spacb-Gboup DJ. 




One equivalent position: 




(a) 0. (c) H 0. 




(b)00i (d)Hi 




Two equivalent positions: 




(e) 0}0; }00. (g) OOu; 


000. 


(f) OH; §oi (h)H«; 


Ha. 


Four equivalent positions: 




(i) OJu; 


; §0u; 0§a; }0Q. 




(i) uuO 


; auO; ttttO; uQO. 




(k) uui 


; 11 u); Qtti; utl}. 




G) uOO; 


; OuO; a 0; OHO. 


. 


(m) u i J; 


; iui; iiH; iai- 


■ 


(n)uO|; 


, Oui; QOi; OQ}. 




(o) u J 0; 


iuO; a^O; iQO. 




Eight equivalent positions: 




(p) xyz; yxz; xyz; yXz; 




yxz; xyz; 3^2; Xy2. 




Space-Group I^.* 




Two equivalent positions: 




(a) 000; HO. (c) Oju; 


ioa. 


(b) OOi; 


; Hi 
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Space-Gboup D4 {corUinued). 
Four equivalent poeitioDB: 



(d) OOu 

(e) uuO 

(f) uuj 



00 a; Da; Hu. 
aao; u+i, i-u, 0; 

aai; u+i, i-u, i; 






i-u, u+J, 0. 

i-u, u+J, J. 

•y, x+J, 2; 
y, z; y^. 



JEri(^A< equivalent positions: 

(g) xyz; y+i, J-x, z; 
J-x, y+J, 8; yxg; 

Space-Group DJ.* 

Four equivalent positions: 
(a) OuO; uO}; OaJ; 
(b)iui; uH; JttO; 
(e) uui; uai; aaf; 

ftg^ equivalent positions: 

(d) xyz; y, x, z+}; 

xy2; y, X, i-z; 

Space-Gboup DJ.* 

Four equivaleni posiHona: 

(a) uuO; anj; u+J, i-u, J; J-u, u+§, J. 
figAi equivalent positions: 

(b) xyz; y+J, i~x, z+f; x, y, z+J; i-y, x+i, z+i; 
i-x, y+J, J-z; y, X, i-z; x+i, i-y, J-z; yx3. 

Spacb-Gboup D*.* 



uOi. 

auf. 



X, y, z+i; y, X, z+i; 
X, y, i-z; y, X, i-z. 



Two equivalent positions: 

(a) 000; OOi. 
(b)iiO; iii. 
(c) OiO; iOi. 

Four equivalent positions: 



(d)Oii; 
(e) OOi; 

(f) HI; 



ioo. 
oof. 

iH. 



(g) OOu 
(h)iiu 
(i) Oiu 
a) uOO 
(k)uii 
(1) uOi 
(m) u i 
(n) uui 
(o) uu} 



OOU 
Htl 

oia 
UOO 

Hi* 
aoi 

QiO 
uQ} 
uQi 



0, 0, u+i; 0, 0, i-u. 

i h u+i; i, i, i-u, 
i, 0, u+i; i, 0, i-u. 

oai; Oui. 

i Q 0; i u 0. 

d 0; OuO. 

iQi; iui. 

dOi; Quf. 

QQf; aui. 



EigM equivalent positions: 

(p) xyz; y, X, z+i; xyz; y, x, z+i; 

sy2; y, X, i-«; xyg; y, x, i-z. 
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Spacb-Gboup DJ.* 

Two equivalent positioDs: 

(a) 000; Hi (b) 00}; HO. 

Four equivalent poaitionB: 

(c) OOu; OOQ; i, }, J-u; i J, u+J. 

(d)OJu; iOQ; i, 0, J-u; 0, i, u+J. 

(e) uuO; QQO; u+i, }-u, }; i-u, u+}, } 

(f) uu}; QQi; u+|, }-u, 0; }-u, u+}, 0. 

Eight equivalent positions: 

(g) xyz; y+i J-x, z+i; xyz; J-y, x+}, z+J; 
i-x, y+i, i-z; yX2; x+i, i-y, J-z; yxz. 

Space-Group DJ.* 

Four equivalent positions: 



(a) OuO 
(b)iuj 
(c) uui 



uOi; OH}; QOf 

uH; HO; QH. 

uQf; da I; Quf. 
£igA< equivalent positions : 

(d) xyz; y, X, z+J; X, y, z+}; y, x, z+1; 
^; y, X, i-z; X, y, i-z; y, x, i-z. 

Spacb-Group DJ.* 

Four equivalent positions: 

(a) uuO; Qui; u+}, i-u, i; }-u, u+}, }. 
Eight equivalent positions: 

(b) xyz; y+}, i-x, z+i; X, y, z+}; i-y, x+|, z+f; 
yx2; i-x, y+}, i-z; y, X, }-z; x+|, J-y, i-z. 

Spacb-Gboup DJ. 

Two equivalent positions: 

(a) 000; Hi (b) 00}; HO. 

Four equivalent positions: 

(c) OJO; }00; }0}; OH- 
(d)OH; iOi; iOi; OH- 

(e) OOu; OOQ; i i, u+i; i, i, i-u. 

£t(^M equivalent positions: 



(f) 0}u 
}0u 

(g) uuO 

Qao 



0}ti; 0, }, u+i; 0, i i-u; 

}Oti; }, 0, u+i; i 0, J-u. 

tiuO; u+}, u+i, }; }-u, u+}, i; 

uQO; i-u, }-u, i; u+i, i-u, }. 
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Spacs-Group D4 (eonUnnsd). 



(h) uOO 

QOO 

(i) uOi 



OuO; u+i i, i: i, u+i, i; 

OQO; i-u, i, i; i, i-u, i. 

OuJ; u+i, i 0; i, u+i, 0; 

OQi; i-u, i 0; i, i-u, 0. 

(j) u, u+i, J; a, i-u, i; u+i, u, }; i-u, Q, }; 

i-u, u, J; u+i, 0, i; u, i-u, }; a, u+i, }. 

Sixteen equivalent positions: 

(k) xyz; yxz; xyz; yxz; 
yxz; xyz; yXz; xyz; 
x+i y+i, z+i; i-y, x+i, z+i; i-x, i-y, z+i; 

y+i, i-x, z+i; 
y+i x+i, i-z; x+i, i-y, J-z; i-y, i-x, i-z; 

i~x, y+i, i-z. 

Space-Group D^.* 

Four equivalent positions: 

(a) 000; Oii; iOj; iii. 
(b)OOi; Oii; iOi; iiO. 

Eighl equivalent positions: 

(c) OOu; 0, i, u+i; i, 0, u+i; i, i, i-u; 
a; 0, i, i-u; i, 0, i-u; i, i, u+i. 

(d) uuO; u, i-u, i; i-u, i-u, i; i-u, u, i; 

aao; u, u+i, i; u+i, u+i, i; u+i, a, i. 

(e) uQO; a, i-u, i; u+i, i-u, i; u+i, u, i; 
GuO; u, u+i, i; i-u, u+i, i; i-u, a, i 

(f) uii; i, i-u, i; i-u, i, I; iuj; 
tiil; i, u+i, I; u+i, i, f; iQf 

Sixteen equivalent positions: 

(g) xyz; y, i-x, z+i; xyz; i-y, x, z+i; 
i-x, y, i-z; i-y, i-x, i-z; x+i, y, i-z; yxz; 

x+i, y+i, z+i; y+i, x, z+i; i-x, i-y, z+i; 

y, x+i, z+i; 
X, y+i, i-z; yxz; x, i-y, i-z; 

y+i, x+i, i-z. 

G. HOLOHEDRY. 
Space-Group D^. 

One equivalent position: 

(a) 000. (c) iiO. 

(b)OOi. ((i)iii. 

Two equivalent positions: 

(e) Oii; iOi. (g) OOu; OOa. 

(f) 0}0; iOO. (h)iiu; iia. 
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Spage-Gboup D^ (continued). 
FcvT equivalent posilioDB: 



(i) OJu; 


; 40u; 


40a; 


0411. 




0) uuO, 


; QuO; 


uaO; 


aoo. 




(k) uu} 


; tlui; 


; ua4; 


, a a 4. 




G) uOO; 


; OuO; 


OQO; 


QOO. 




(m)uOJi 


; Oui; 


oa4; 


a 04. 




(n) u i 0; 


; 4uO; 


4(10; 


a 40. 




(o)uHi 


; iui; 


4ti4; 


a44. 




Eight equivalent positions: 




(p) u V 


; i^uQj 


; vQO 


; QtO; 




vuO 


; uvO; 


; tlvO 


; tao. 




(q) uvi 


; ^u4; 


; vtl4 


; tit4; 




vu J 


; uvi; 


; av4 


; ^04. 




(r) utlv 


; uuv 


; aav 


; tiuv; 




au^ 


; HH^ 


; uuv 


; uQt. 




(s) Ouv^ 


; QOv; 


; uOv 


; OQv; 




uO^ 


; OQV; 


; Out 


; aot. 




(t) 4uv^ 


; tljv; 


u4 V 


; 4tlv; 




Ui^; 


; 4ti^; 


; 4ut 


; ti4t. 




Sixteen equivalent positions: 




(u) xyz; yxz; xyz; yXz; 




yxi; xy5; f5tS; Xy2; 




Xy8; yXi; xyf; yxi; 




yXz; xyz; yxz; xyz. 




Space-Gboup D^^. 




Two equivalent positions: 




(a) 000; OOf (c) HO; 


444. 


(b)OOJ; OOi (d)Hl; 


44i 


Four equivalent positions: 




(e) OiO; iOO; OH; fOj. 




(f) OH; iOi; JOi; OH. 




(g) OOu; OOtl; 0, 0, i-u; 0, 


0, u+4. 


(h) Hu; Hti; i, i i-u; i, 


4, u+4. 


£i(;A^ equivalent positions: 




(i) OJu; 


|0u; 0, 4, u+J; i, 


0, u+4; 


04 a; 


40a; 0, 4, 4-u; 4, 


0, 4-u. 


(J) uuO; 


; uuO; uu4; 


uq4; 




tiaOj 


; auO; Qtl4; 


tiu4- 




(k) uOO; 


OuO; u04; 


Ou4; 




aoo; 


oao; a 4; 


004. 




0) u44; 


4u4; u40; 


4uO; 




uH; 


4ti4; tL40; 


4 no. 




(m) u vi; 


vQj; vu}; 


ut}; 




fl^i; 


^uj; 


^tl}; 


ttvf 
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Sy2; 



Spacb-Gboup D4 {o(mUnued). 
Sixteen equivalent positioiis: 

(d) xya; yxz; xyz; yXz; 
yx3; xyg; yxz; 
3^, y, i-z; y, X, 
y, X, z+i; X, y, 

Spacb-Gboup Di. 

Tii^ equivalent positions: 

(a) 000; HO. 

(b)OOj; Hi. 

Four equivalent positions: 

(e) iiO; JiO; iiO; 

(f) iH; Hi; JH; 

(g) OOu; OOa; iJu; 
(h)Oiu; iOu; JOQ; 

Eight equivalent positions: 






y, 

X, 



i-2; 

z+i; 



y, X, i-z; 

X, y, z+i. 



(c)OiO; 
(d)Oii; 

iio. 

fii 

iin. 

Oiti. 



ioo. 
ioi. 



(i) uuO 

nao 
(i) uu§ 

(k) uOO 
QOO 

a) uiJ 
tiii 



uQO; u+i, u+J, 0; 

UuO; i— u, i— u, 0; 

ufli; u+l, u+i, i; 

Qui; i-u, §-u, i; 

OuO; u+i J, 

OQO; i-u, i, 

iuj; u+i, 0, i 
4-u, 0, i 



u+J, i-u, 0; 

i-u, u+i, 0. 

u+i, i-u, i; 

i-u, u+i i 

i, u+i, 0; 

i i-u, 0. 

0, u+i, i; 

0, J-u, i 
i~u, Q, v; d, u+i, v; 
u, u+i, ^; u+i, ti, ^. 



iai; 

(m) u, i-u, v; u+i, u, v; 
J-u, u, ^; d, i-u, V; 

Sixteen equivalent positions: 

(n) xyz; yxz; xyz; yXz; 

yx2; xyz; yjB; Sy2; 

J-x, i-y, 2; y+i i-x, 2; x+i, y+i z; i-y, x+i, z; 

i-y, i-x, z; i-x, y+i, z; y+i, x+i z; x+i, J-y, z. 
Spacb-Gboup D^. 



(b) OOi; JiO. 



TiiH) equivalent positions: 

(a) 000; iii. 

Four equivalent positions: 

(c) iOO; OiO; Oii; iOf 
(d)iOi; Oii; OJi; jOf 
(e) OOu; OOtl; i, i, J-u; i, i, u+J. 

Eight equivalent positions: 

(f) iH; fii; iH; Hi; 
iii; iil; iH; Hi 
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Space-Group D^ (carUinued). 



(g) *0u 

(h) uuO 
fldO 

(i) uOO 
uOO 

(i) uOi 



uao 

Quo 
OuO 
Olio 
Ou^ 
OQi 



i, u+i, i 

i u+i 0; 
i i-u, 0; 

Sixteen equivalent positions: 

(k) xyz; yxz; 5cyz; ySz; 



0, i u+J; 
0, J, i-u; 



i 0, u+i; 
i 0, i-u. 



u+i, i-u, i; u+i, u+i, J; 
i-u, u+J, i; i-u, J-u, f 



u+i J, i; 
J-u, J, i 
u+i i, 0; 
J-u, i, 0. 



yxz; xyz; yxz; Xyz; 

i-x, i-y, i-z; y+i J-x, J-z; x+J, y+J, i-z; 



i-y, i-x, z+J; J-x, y+§, z+i; 



i-y, x+i, i-z; 

y+i, x+j, z+J; 
x+i, i-y, z+|. 



Space-Group D^, 



(c) OH; *oj. 

(d) JOO; 0^0. 



Two equivalent positions: 
(a) 000; HO. 

(b)H4; ooi 

Four equivalent positions: 

(e) OOu; OOQ; Hti; Hu. 

(f) Oiu; OiQ; iOQ; fOu. 

(g) u, u-l-i, 0; i-u; u, 0; u+i, u, 0; Q, i-u, 0. 
(h) u, u+i, i; i-u, u, i; u+i, Q, i; a, ^-u, i 

Eight equivalent positions: 



(i) uvO 

tl^O 

a) uvi 



vaO; v+i u+i, 0; u+i, i-v, 0; 
vuO; i— V, i— u, 0; i— u, v+J, 0. 
vai; v+i, u-l-i i; u+J, i-v, i; 
^ui; §-v, J-u, i; i-u, v+i f 
(k) u, i-u, v; u+J, u, v; J-u, u, v; Q, u+i, v; 
Q, u+i, v; i-u, d, v; u+J, u, v; u, J-u, v. 

Sixteen equivalent positions: 

G) xyz; yxz; Xyz; 



yxz; 



y+i, x+i z; x-l-ii-y, 2; J-y, i-x, z; i-x, y-|-J, z; 



xyz; 



yx2; 



xyz; yXz; 

i-y, i-x, z; J-x, y+i, z; y+i x-|-i, z; x+J, J-y, z. 

Space-Group D^.* 

Two equivalent positions: 

<9^ 000; Hi (b) OOi: HO 
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Spacb-Gboup D^ (continued). 
Four equivalent positions: 

(c) OiO; 400; iOi; OH- 

(d)OH; ioi; OH; 40}. 

(e) OOu; a; 4, i u+4; 4, 4, 4-u. 
Eight equivalent positions: 

(f) 4u; 40u; 4, 0, u+4; 0, 4, u+4; 

4 a; 40u; 4, 0, 4-u; 0, 4, 4-u. 

(g) u, u+4, 4; u+4, Q, 4; a, 4-u, 4; 4-u, u, 4; 

u, u+4, I; u+4, a, i; Q, 4-u, }; 4-u, u, }. 
(h) uvO; vQO; v+4, u+4, 4; u+4, 4-v, 4; 

avO; vuO; 4--v, 4-u, 4; 4-u, v+4, 4. 

Sixteen equivalent positions: 

(i) xyz; yxz; xyz; yxz; 
xyz; yxz; 5cyz; yxz; 
4-x, y+4, z+4; 4-y, 4-x, z+4; 



4-x, y+4, 4-z; 4-y, 4-x, 4-z; 



x+4, 4-y, z+4; 

y+4, x+4, z+4; 
x+4, 4-y, 4-z; 

y+4, x+4, 4-z. 



Spacb-Gboup D^. 


* 




Two equivalent positions: 




(a) 000; 440. (c) 04u; 


40 a. 


(b)004; 444. 




Four equivalent positions: 




(d)i40; iiO; HO; ifO. 




(e) 444; 144; H4; 4!4. 




(f) OOu; OOQ; 44a; 44u. 




Eight equivalent positions: 




(g) uuO, 


; utlO; u+4, 4— u, 0; 


u+4, u+4, 0; 


aao; 


; tiuO; 4— u, u+4, 0; 


4— u, 4— u, 0. 


(h) uu4; 


; uu4; u+4, 4-u, 4; 


u+4, u+4, 4; 


nni] 


. uu4; 4-u, u+4, 4; 


4-u, 4-u, 4. 


(i) uOv; 


; Ouv; u+4, 4, v; 


i, u+4, v; 


QOv] 


; Oav; 4-u, 4, v; 


4, 4-u, V. 



(j) u, u+4, v; u, 4-u, v; ti, 4-u, v; Q, u+4, v; 
u+4, u, ^; u+4, a, ^; 4-u, ti, 9; 4-u, u, 9. 

Sixteen equivalent positions: 



(k) xyz; y+4, 4-x, z 

x+4, y+4, z; yxz 

xyz; 4-y, 4-x, z 

4-x, y+4, z; yxz 



xyz; 4-y, x+4, z; 
4-x, 4-y, z; yxz; 
xyz; y+4, x+4, z; 
x+4, 4-y, z; yxz. 



i 
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Spacs-Gboup D^.* 

Four equivalent pofiitions: 

(a) 000; HO; Hi; OOf 
(b)OOi; Hi; OOi; \\l 
(c) Oiu; iOa; i 0, i-u; 0, i u+i 

Eight equivalent positions: 



(d)iii 

Hi 

(e) OOu 

ooa 

(f) uuO 

atio 



iii; 
iii; 

iiu; 
Hti; 

uui; 
Qui; 



iii; iii; 
iii; iii. 

i, i, u+i; 
i, i, i-u; 
u+i, i-u, 0; 



0, 0, u+i; 
0, 0, J-u. 
u+J, u+§, i; 
i-u, i-u, i 



§-u, u+i, 0; 

Sixteen equivalent positions: 

(g) xyz; y+i, J-x, z; xyz; J-y, x+|, z; 

x+i, y+i, i-z; y, X, J-z; i-x, J-y, J-z; y, x, ^-z; 

X, y, z+i; i-y, i-x, z+i; x, y, z+§; y+i, x+J, z+J; 

J-x, y+l, z; yxz; x+J, |-y, 2; yxz. 

Spacb-Gbotjp D^.* 

According to the previous definitions (page 33)| this space group is D^ 
and the following one is D^. The two are here interchanged to conform with 
Niggli's descriptions. 



Two equivalent positions: 
(a) 0; OOi 

(b)HO; Hi. 
(c) OJO; iOi 

Four equivalent positions: 



(d) OJi; iOO. 

(e) OOi; OOi 

(f) iii; iii 



(g) OOu 

(h)iiu 

(i) Oiu 

a) uoo 

(k)uii 
(1) uOJ 
(m) u i 



OOu; 0, 0, u+i; 0, 0, i-u. 

Hti; i i u+J; i i J-u. 

Oia; i 0, J~u; i 0, u+i 

uOO; OQi; Oui 

aH; iflO; iuO. 

OuO; QOi; OuO. 

iai; QiO; iui 



Eight equivalent positions: 



(n) u u i 
uui 

(o) Ouv 
Ouv 

(P) iuv 
iut 

(q) uvO 
avO 



uui; QQi; 
uQi; Gtii; 
u, 0, v+i; Oflv 
u, 0, J-v; OQt 
u, i v+J; J a V 
u, i i-v; iQ^ 
vQi; Q^O; 
i^tii; u^O; 



Qui; 
Qui 



l^ui; 
vui 



Q, 0, v+i; 

% 0, i-v. 

% i v+i; 
Q, i i-v 
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Space-Group Dj^ {continued). 
Sixteen equivalent positions: 
(r) 



xyz; 


y. X, z+J; 


xyz; 


y, X, «+J; 


ryi; 


y, X, i-z; 


xy2; 


; y, X, i-z; 


Xyz; 


?, X, *+*; 


j^z; 


y, X, z+i; 


xy2; 


S, *, i-z; 


:^; 


y, X, i-z. 



Space-Group D^.* 

According to the previous definitions this group is D^. 
Two equivalent positions: 

(a) 000; OOJ. 

(b) OOi; OOi 

Four equivalent positions: 



(c) Hi; iio. 
(d)Hi; Hi 



(e) OiO 

(f) OH 

(g) OOu 
{h)iiu 
(i) uui 
(i) uu} 



iOi; JOO; OH. 

ioi; OH; ioi. 

OOQ; 0, 0, u+i; 0, 0, J~u. 

Hti; i, i u+i; J, i, J-u. 

uQ}; dQi; Quf. 

utli; tltli; QuJ. 



Eight equivalent positions: 



(k) Oiu 
OH 

G) uOO 
QOO 

(m) u H 

QH 
(n) uvi 

avf 

(o) uuv 
Gu^ 



^Ou 

ioa 

Oui 
OQi 
iuO 
HO 
vQi 

nay 

uQ^ 



i, 0, u+i; 0, i, u+J; 
i, 0, i-u; 0, i, i-u. 
uOJ; OuO; 
nOi; OQO. 

uiO; Jui; 
n^O; Hi 

Q^J; ^uf; 

ul^J; vui. 

u, tl, v+J; Q, u, v+i; 

H, Q, i— v; u, u, J— V. 



Sixteen equivalent positions: 



(P) xyz; 

X, y, i-z; 
X, y, z+i; 
xyz; 



y, X, z+i; xyz; 

yxz; X, y, i-z; 

yxz; X, y, z+J; 

y, X, i-z; xyz; 



y, X, z+i; 



i— z. 



yxz; 

y, X, 



Space-Group Dji.* 

The space-groups D^ and D^^ are interchanged to conform with the descrip- 
tions of Nig^. 

Four equivalent positions: 

(a) 000; 00|; HO; Hi 

(b) OiO; Hi; ioo; oij. 

(c) OOi; 001; iii; iii. 
(d)Oii; iOi; iOi; Oii 
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Spacb-Group D^ (continued). 
Eight equivalent positions: 



(e) iJO 

Hi 

(f) OOu 

OOQ 

(g) OJu 

oia 

(b) u 
QOO 

(i) uH 
QH 



iio 
Hu 
Ha 

iOu 
iOQ 
Oui 
OQi 
}uO 
}uO 
uQf 
Ouf 



HO; iii; 

Hi; tio. 

i, i u+} 

i, i i-u: 
h. 0, u+i 
§, 0, i-u 

i u+i, i 
i, i-u. i 

0, u+i, 
0, i-u, 0: 
u+i, u+i, I; 



0, 0, u+i; 

0, 0, i-u. 

0, i, u+i; 

0, i, i-u. 

u+i, i, 0; 
i-u, i, 0. 
u+i, 0, i; 

i-u, 0, i. 
u+i, i-u, i; 
i-u, u+i, J. 



i-u, i-u, f; 
Sixteen equivalent positions: 

(k) xyz; y, X, z+i; syz; S, x. z+i; 

x+i, y+i, 2; y+i, i-x, i-z; i-x, i-y, s; 

i-y, x+i, i-«; 

i-x, y+i, z; i-y, i-x, z+i; x+i, i-y, z; 

y+i. x+i, z+i; 
xyz; y, X, i-z; xyz; y, X, i-z. 

Space-Gboup D2.* 
This group is D^ of the previous definitions. 
Two equivalent positions: 

(b)00i; iio. 



(a) 000; iii. 
F<mr equivalent positions: 
(c) OiO; Oii; iOi; 



(d)Oii; 
(e) i i i; 

(0 HI; 

(g) OOu; 



Oil; 
Hi; 
iii; 

OOQ; 



iOi; 

iii; 
iii; 



ioo. 
iOi. 
iii 

iii. 



i, i. u+i; i, i, i-u. 



Eight equivalent positions: 



(h) i u 
OiH 

(i) uOO 
QOO 

(J) uOi 
HOi 



iOu; 
iOfl; 
OuO; 
OQO; 
Oui; 
OQi; 



i, 0, u+i 
i, 0, i-u 
i» u+i, i 
i, i-u, i 
i, u+i, 
i, i-u, 



(k) u, u+i, i; u, i-u, i; 

u+i, u, i; u+i, Q, i; 
(1) u, u+i, i; u, i-u, J; 

u+i, u, i; u+i, Q, i; 
(m) u u v; u+i, i-u, v+i; 

uQv; u+i, u+i, i-v; 



0, i, u+i; 

0, i, i— u. 
u+i, i, i; 
i-u, i, i. 
u+i, i, 0; 
i-u, i, 0. 
Q, i-u, i; a, u+i, i; 

i-u, Q, i; i-u, u, i. 
Q, i-u, i; u, u+i, i; 
i-u, Q, i; i-u, u, i. 

QOv; i-u, u+i, v+i; 

Qu^; i— u, i-u, i— V. 
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xyz; i-y, x+i, z+i; 

i-x, J-y, i-z; yxz; 
x+i i-y, z+J; yxz; 
xyz; y+i x+i §-z. 



Space-Group DJS (con/tnt^ed). 
Sixteen equivalent positions: 

(n) xyz; y+j, i-x, z+J; 
x+i, y+i, i-z; yxz; 
i-x, y+i, z+i; yxz; 

xyz; i-y, i-x, J-z; 

Spaci>-Gboup Di2.* 

Space-groups DiS and D^ also are interchanged. 
Four equivalent positions: 
(a) 000; OOJ; HO; 
(b)OOi; OOi; Hi; 
(c) OiO; iOi; iOO; 

(d)OH; ioi; OH; 

Eight equivalent positions: 

(e) OOu; iiu; i, i, u+J; 
OOti; Htl; i, i, i-u; 

(f) Oiu; iOu; i 0, u+i; 

oia; ioa; i, O, i-u; 

(g) u, u+i i; u+i, tl, J; Q, i-u, i; J-u, u, f; 
u, u+i i; u+i, Q, i; 11, i-u, f ; i-u, u, i 

(h)uvO; QvO; i-u, v+i, 0; u+i, i-v, 0; 

vai; ^uj; i-v, J-u, i; 
Sixteen equivalent positions: 

(i) xyz; y, x, z+J; xyz; y, x, 

xyz; y, x, J-z; xyz; y, x, 



Hi 
Hf. 
OH. 
iOi 



0, 0, u+i; 

0, 0, i-u. 

0, i, u+i; 
0, i, i-u. 



v+i, u+i, J. 
z+i; 

i-z; 



i-x, y+i z; i-y, i-x, z+i; x+i, J-y, z; 

y+i x+i, z+i; 
i-x, y+i, z; J-y, J-x, J-z; x+J, |-y, z; 

y+i, x+i i-z. 



Space-Group D^.* 

Two equivalent positions: 

(a) 000; Hi 
Four equivalent positions: 
(c) OiO; OH; iOi; 

(ci)OH; OH; 

(e) OOu; OOQ; 

(f) uuO; GQO; 

(g) uuj; iiai; 



(b) OOi HO. 



iOi; 



iOO. 
iOi 

i i u+i 
i-u, u+i i 

i-u, u+i 0; 



i i i-u. 
u+i i-u, i 

u+i i-u, 0. 



£igA^ equivalent positions: 



(h)Oju 
OiQ 

(i) uvO 
uvO 

(j) uuv 
uil V 



iOu; i 0, u+i 
iOa; i 0, i-u; 
vuO; v+i i-u, i 
vuO; i-v, u+i i- 
uuv; u+i J-u, i-v; 
QQv; i-u, u+i v+J; 



0, i u+i 
0, i i-u. 
u+i i-v, i; 
i-u, v+i i 
u+i i-u, v+i; 
i-u, u+i, i-v. 



98 



THE TETRAGONAL SPACE-GROUPS Dlk-D^S. 



Xyz; J-y, x+§, 2+i; 
Xyff; J-y, x+i i-2; 

x+i, J-y, z+i; yxa; 
x+i l-y, i-a; yxf. 



Space-Groxtp D22 {continued). 
Sixteen equivalent positions: 

(k) xyz; y+i, J-x, z+J 

xyz; y+§, i-x, i-z 

i-x, y+i, z+J; yXz 
J-x, y+J, i-a; yXz 

Space-Group D^l.* 

Space-groups DlS and DJS are here interchanged. 

Tv)o equivalent positions: 

(a) 000; Hi. (b) OOJ; HO. 

Four equivalent positions: 

(c) OOu; OOQ; i, i, J-u; J, §, u+i 
(d)Oiu; JOQ; J, 0, i-u; 0, J, u-|-§. 

Eight equivalent positions: 



(e) Hi 

Hi 

(f) uuO 
uQO 

(g) Ouv 
uO^ 



iii; iii; iii; 

iii; iii; iii 

tluO; u+§, i-u, J; 

aao; u-f-i u-f-i, i; 

Oav; u-f-j, i, v-hi; 



not; 

Sixteen equivalent positions: 

(h) xyz; y+i J-x, z-hi; 

x+i, y+i, i-z; yxz; 

^z; J-y, i-x, z-hj; 

i-x, y-|-§, }-z; yxz; 

Space-Group DiJ.* 

Four equivalent positions: 
(a) 000; Hi; OOi; 



i-u, u-hi J; 
J-u, J-u, J. 
§-u, i, v-hj; 
i, i-u, §~v. 



xyz; J-y, x-hi, z+J 
i-x, J-y, J-z; yxz 
xyz; y-hj, x-hj, z-hj 
x+i, i-y, i-z; yxz. 



(b)OOi; 

(c) i i 0; 

(d) i i i; 

(e) Oiu; 



Hi; 

iii; 
iio; 
ioa; 



OOi; 

iiO; 
iii; 



iio. 
iii. 
iii. 
iio. 



i, 0, i-u; 0, i, u+i. 



Eight equivalent positions: 



(f) 



OOu 

OOQ 
(g) uuO 

QQO 
(h) uui 

OQi 



iiu; 

iia; 

utli; 
Qui; 
utiO; 
QuO; 



i, i, u+i; 0, 0, u-hi; 
i, i, i-u; 0, 0, i-u. 

u+i, i-u, i; u+i, u+i, 0; 
i-u, u+i, i; i-u, i-u, 0. 
u+i, i-u, 0; u+i, u+i, i; 
i-u, u+i, 0; i-u, i-u, i. 
(i) u, u+i, v; u, i-u, v+i; Q, i-u, v; Q, u+i, v+i; 
u+i, u, 9; u+i. Q, i— v; i-u, il, 9: i— u, u, i— v. 
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Spags-Oboxtp D]Sr(fioniinued). 
Sixteen equivalent positions: 

(j) xyz; y+§, i-x, z+J; xyz; J-y, x+i, z+J; 

x+J, y+i z; y, x, J-z; i-x, i-y, z; y, X, i-z; 
X, y, z+J; i-y, §-x, z; x, y, z+i; y+i x+i, z; 
i-x, y+i, i-z; ysz; x+J, J-y, J-z; yxi; 

Spacb-Gboup DJJ. 

TuM) equivalent positions: 

(a) 000; ^ii. (b) 00^; HO. 

Four equivalent positions: 

(c) 0^0; }00; }0}; OH- 
(d)Oii; iOi; OH; iof 
(e) OOu; OOQ; J, i, J-u; i, J, u+§. 

£t(^U equivalent positions: 

(f) Hi; Hi; iii; Hi; 



Hi; 

(g) Oiu; 

oia; 

(h) uuO; 

atlO; 
(i) uOO; 

QOO; 
a) uOi; 

QOi; 



iii; iii; iii 
iou; J, 0, u+J; 

iOa; J, 0, i-u; 

utlO; u+J, i-u, i; 

QuO; i-u, u+i, i; 

OuO; i u+i, ii 

OQO; i, i-u, ii 

Oui; i, u+i, 0; 
i, i-u, 0; 



0, i, u+i; 
0. i, i-u. 
u+i, u+i, i; 
i-u, i-u, i. 
u+i, i, i; 

i-u, i, i. 

u+i, i, 0; 

i-u, i, 0. 



(1) 



% i-u, i; 
i-u, Q, J; 
u, u+i, }; 
u+i, u, i; 



u+i, Q, i; 
<l, u+i, I; 
i-u, u, i; 
u, i-u, i. 



OQi; 
Sixteen equivalent positions: 

(k) u, u+i, i; i-u, u, }; 

u+i, u, i; u, i-u, }; 

Q, i-u, i; u+i, fl, i; 

i-u, (I, i; a, u+i, J; 

uvO; ^uO; fl^O; vflO; 

vuO; u^O; ^aO; QvO; 

u+i, v+i, i; i-v, u+i, i; i-u, i-v, i; v+i, i-u, i; 

v+i, u+i, i; u+i, i-v, i; i-v, i-u, i; i-u, v+i, i. 
(m)utlv; uuv; Guv; atlv; 

tlu^; uut; uai^; ad^; 

u+i, i-u, v+i; u+i, u+i, v+i; 



i-u, u+i, i-v; u+i, u+i, i-v; 



(n) u v; HO v; 
uOt; Oflt; 
i, u+i, v+i; 
u+i, i, i-v; 



Otlv; uOv; 
aOl^; Out; 
i-u, i, v+i; 
i, i-u, i-v; 



i-u, u+i, v+i; 

i-u, i-u, v+i; 
u+i, i-u, i-v; 

i-u, i-u, i-v. 



i, i-u, v+i; u+i, i, v+i; 

i-u, i, i-v; i, u+i, i-v. 
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Space-Group D^— {continued). 

Thirty-two equivalent positionB: 

(o) xyz; yxz; xyz; yxz; 

yxz; xyz; yxz; xyz; 

xyz; yxz; xyz; yxz; 

yxz; xyz; yxz; xyz; 



x+J, y+i, z+J; 
y+i, x+i, i-z; 
i-x, i-y, J-z; 
i-y, i-x, z+J; 



i-y, x+J, z+J; 
x+i, i-y, i-z; 

y+J, i-x, i-z; 

i-x, y+J, z+i; 



Space-Group Di£. 

Four equivalent positions: 

(a) 000; OOi; Hi; 

(b) OiO; iOO; OJJ; 

(c) OOi; OOi; Hi; 

(d)OH; ioi; joi; 

Etgfh^ equivalent positions: 

(e) HO; iiO; HO; 

H4; ii*; 

(f) OOu; Hu; 
OOu; Hu; 

(g) Oiu; iOu; 

oiti; 



i-x, i-y, z+J 

y+i, i-x, 
i-y, i-x, i-z 

i-x, y+i, 

x+i y+i, i-z 

i~y, x+J, 
y+i, x+i, z+i 

x+i i-y, z+§. 



z+i; 

i-z; 

i-z; 



iio. 
ioi 

iii. 
Oil. 



iiO; 

iH. 



Hi; 

i, i, u+i 

i, i, i-u 
i, 0, u+i 
i, 0, i-u 



iOu; 

(h) u, u+i, i; i-u, u, i; 
u+i, u, i; u, i-u, i; 

Sixteen equivalent positions: 



0, 0, u+i; 
0, 0, i-u. 
0, i, u+i; 

0, i, i-u. 

a, i-u, i; u+i, u, i; 
i-u, fl, i; Q, u+i, i 



(i) 



(J) 



uui 
uui 

aai 

uQi 
uOi 
Oui 
uOi 
OGi 
vu J 
uv} 
\^uf 

avf 

u, u+i, v; 
u+i, u, v; 
u, i-u, i-v; 
i-u, u, v+i; 



uuO 
uuO 
UuO 
uuO 
uOO 
OuO 
uOO 
000 
(k) uvj 
vu J 
u vi 
vd} 

(1) 



u+i, u+i, 0; 
i-u, u+i, 0; 
i-u, i-u, 0; 
u+i, i-u, 0; 
u+i, i, 
i, u+i, 
i-u, i, 0: 
i, i-u, 
v+i, u+i, i; 
u+i, i-v, i; 
i-v, i-u, i; 
i-u, v+i, i; 
i-u, u, v; 
u, i-u, v; 
u+i, u, i-v; 
% u+i, v+i; 



u+i. u+i, i; 
i-u, u+i, i; 
i-u, i-u, i; 
u+i, i-u, i. 

u+i, i, i; 

i, u+i, i; 
i-u, i, i; 

i, i-u, i. 

u+i, v+i, i; 

i-v, u+i, i; 

i-u, i-v, f ; 

v+i, i-u, f. 
fi, i-u, v; u+i, a, v; 
i-u, u, v; 0, u+i, v; 
u, u+i, i-v; i-u, u, i-v; 
u+i, u, v+i; u, i-u, v+f 
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Space-Group D2 (continued). 

Thiriy-tiDO equivalent positions : 

(m)xyz; yxz; xyz; yxz; 
yxz; xyg; yx2; xyz; 
X, y, i-z; y, X, i-z; x, y, J-z; y, x, i-z; 
y, X, z+i; X, y, z+J; y, x, z+i; x, y, z+J; 

x+i, y+i, z+i; i-y, x+J, z+i; J-x, i-y, z+i; 

y+i, i-x, z+i; 
y+i, x+i, i-z; x+J, J-y, i-z; J-y, J-x, J-z; 

i-x, y+i, i-z; 
i-x, i-y, z; y+i, i-x, z; x+i, y+i z; i-y, x+i, z; 
i-y, i-x, z; i-x, y+i, z; y+i, x+i, z; x+i, i-y, z. 
Space-Group D^.* 

Four equivalent positions: 

(a) 000; OH; iOf; Hi 

(b)ooi; OH; ioh HO. 

£t(7A^ equivalent positions: 

(c) oih Hi; Oii; iOi; 

iH; Hi; Hi; iof 
(d)Hi; JOi; Hi; iii; 

Oii; iOi; Oil; HI 

(e) OOu; 0, i u+i; i, i, u+i; i, 0, u+f; 
OOtL; 0, i i-u; i, i, i-u; i, 0, |-u. 

Sixteen equivalent positions: 

(f) uii; i, i-u, i; aH; iuj; 
u+i, i, i; i i-u, i; i-u, i, I; fui; 
aii; i, u+i, i; uH; iaf; 
i-u, i, i; i, u+i, I; u+i, i, |; iQf 

(g) uuO; u, i-u, }; HHO; i-u, u, f; 
u+i, u, f ; u+i, i-u, i; i-u, n, }; ti, u+i, i; 
tiuO; % i— u, i; utiO; u, u+i, i; 
i-u, u+i, i; i-u, i-u, i; u+i, % i; u+i, u+i, i. 

(h) Ouv; u, i, v+i; OQv; i-u, 0, v+f; 

i, u, i-v; u+i, i, i-v; i, ti, }-v; tiOv; 

i, u+i, v+i; u+i, 0, v+l; i, i-u, v+i; a, i, v+i; 

0, u+i, i-v; uOv; 0, i-u, J-v;i-u, i, i-v. 

Thirty-lwo equivalent positions: 

(i) xyz; y, i-x, z+i; Syz; i-y, x, z+f; 

x+i, y, i-z; y+i, i-x, i-z; i-x, y, |-z; yxz; 

xyz; y, i-x, z+i; xyz; y+i, x, z+i; 

i-x, y, 1-z; i-y, i-x, i-z; x+i, y, f-z; yxz; 

x+i, y+i, z+i; y+i, 5c, z+J; i-x, i-y, z+i; 

y, x+i, z+i; 

X, y+i, i-z; yxz; x, i-y, J-z; i-y, x+i, i-z; 

i-x, y+i, z+i; i-y, S, z+i; x+i, i-y, z+i; 

y, x+i, z+J; 

X, y+i, i-z; S»'f X, i-y, i-z; y+i, x+i, i-z. 
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Spacb-Gboup E^.* 

Eight equivalent poations: 
(a) 000; OH; *0f; 



OOi; 

(b)OOJ; 

001; 



OH; 
oji; 

OJO; 



iOJ; 
iOO; 
iO|; 



HO; 

iH- 
Hi; 
Hi 



Sixteen equivalent positions: 



(c) Oil 

iil 
oii 

iii 

(d) OOu 
OOd 
Hu 

Hfl 

(e) uii 

ail 
uif 

(f) uuO 

u+i 

u+§ 



iif; OH; ioi 
iH; iii; ioi 
iii; Oii; iof 
iH; iii; iOf. 

0, I, u+i; i, 0, u+i 

0, i, u+i; i, 0, u+i 

0, i, i-u; i, 0, i-u 

0, i, i-u; i, 0, i-u 



i. i. u+J; 
i, i i-u; 
0. 0, i-u; 
0, 0, u+i. 
iuf; 



i, i-u, i; ttii 

i. i; i, i-u, i; i-u, i, i; iu|; 

i-u, i, i; i, u+i, I; fof; 

u+i, i, t; i, u+i, I; i 1. 

u, i-u, i; oao; 

u+i, i-u, 0; i-u, u, i; 

u+i, a, i; 

uQi; 



u, i; 
u+i, i; 
u. u+i, i; 

Thirty4u>o equivalent podtions: 

(g) ^»; y, i-^t a+i; 

x+i, y, i-s; y+i, i-x, 8; 
X, y, «+i; y, i-x, «+i; 
i-x, y, i-«; i-y, i-x, i-«; 
x+i, y+i, «+i; y+i, *, «+i; 



i-u, u, i; 

aui; 

i-u, i-u, i; a, u+i, i; 

0, i-u, i; i-u, u+i, 0. 



xy»; i-y, X, »+i; 
i-x, y, i-»; y, x, i-«; 

X, y, «+i; y+i, », «+i; 
x+i, y, i-»; y3«; 
i-x, i-y, »+i; 



y, x+i, a+i; 
Jt, y+i, i-«; y, », i-«; *, i-y, !-»; i-y, x+i, «; 
i-x, y+i, »; i-y, *, «+i; x+i, i-y, *; y, x+i, «+f; 
X. y+i, i-»; y«; «, i-y, i-»; y+i, x+i, i-». 
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CUBIC SYSTEM. 

THE SPECIAL CASES OF THE CUBIC SPACE-GROUPS. 

ONE Eqitivalent PoeirioN. 
(la) 000. (lb) Hi 

TWO EQXnTALBNT POSITIONS. 

(2a) 000; Hi 

THREE EQirtVAUBNT Positions. 
(3a) HO; hOh OH- (3b) }0 0; 0^0; OOi 



FOUR EouiyALBNT Positions. 



(4a) 
(4b) 
(4c) 
(4d) 
(4e) 
(4f) 
(4g) 
(4h) 

(4i) 
(4j) 



uuu; 
000; 

Hi; 
iJi; 
HI, 

uuu; 

Hi; 
Iff; 
Hi; 
iii; 



udQ; 

iiO; 

iOO; 

IH; 
Hi; 



ttuO; 
iOi; 
OiO; 

iii; 
iii; 



QQu. 

Oii 
OOi 

iii 

iii 



«+i i-«. Q; Q. u+i i-u; i-u, Q, u+J. 
iii; ifi; iH 
iii; iii; Iii 
Iii; iii; iii 
iii; iii; Hi 



SIX Eqthvaliint Positions. 



(6a) uOO 
QOO 

(6b) i u 
iflO 

(6c) Oui 
OHi 

(6d)iui 

illi 



OuO 
OtlO 
Oiu 
0}11 
iOu 

ion 
iiu 

Hfl 



OOu 
OOH 
uOi 

aoi 

uiO 

tiio 
uH 

llii 



(6e) 
(6f) 
(fig) 



OiO 

iOi 
oii 
oii 
ioi 
ioi 



OOJ; 
iiO; 
iOi; 
iOi; 
iiO; 
iiO; 



iOO; 

Oii 
iiO; 

HO. 
Oii; 
Oii 



EIGHT EoxnYAiiBNT Positions. 

(8a) uuu; tlutl; u+i u+i u+i; i— u, u+i i— u; 
uflO; tlllu; u+i, i— u, i— u; i— u, i— u, u+i 
(8b) uuu; |-u, u, 11; u+|, u+|, u+i; Q, u+i i-u; 

u, a, i— u; Q, i— u, u; u+i, i— u, Q; i— u, tl, u+§. 
(8c) uuu; uQQ; Hull; 11 Qu; 

11 uu; uQu; uuQ. 

11 u a; i-u, i-u, i-u; u+i, i-u, u+i; 
tmu; i-u, u+i, u+i; u+i u+i i-u. 

iii; iii; iii; 
iii; iii; iii 



tma; 

(8d) uuu; 

utm; 

(8e) iii; 

iii; 
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SPECIAL CASE8 OF THE CUBIC SPACE-GHOUPS. 



EIGHT EQjjiWALMBrr PofimoHS. — ConHnued. 



(80 OH; 


iOi; 


iiO; 


000; 


Hi; 


Hi; 


iii; 


iii. 


(8g) i 0; 


OfO; 


OOi; 


iii; 


!ii; 


JiJ; 


iii; 


iii. 


(8b) uuu; 


n+h 


i-u, 


; Q, u+i, i-u; i-u, Q, u+i; 


oaa; 


i-u. 


u+i, u 


; u, i-u, u+i; u+i, u, i-u. 


(8i) 000; 


iiO; 


iOi; 


Oii: 


iii; 


OOi; 


OiO; 


ioo. 


(8j) uuu; 


u+i, 


i-u, a 


; Q, u+i, i-u; i-u, tt, u+i; 


J-u, 


i-u, i 


— u; u- 


H, i-u, u+i; i-u, u+i, u+i; 

u+i, u+i, i-u. 


(8k) uuu; 


u+i, 


i-u, a 


; 0, u+i, i-u; i-u, a, u+i; 


l-u, 


i-u, i 


— u; u- 


H, i-u, u+i; i-u, u+i, u+i; 

u+i; u+i, i-u. 


(81) iJJ; 


iil; 


Iii: 


iii; 


Hi; 


Hi; 


iii; 


iil 


(8m) i 1 f; 


Hi; 


ill; 


Ui; 


Hi; 


iil; 


Iii; 


HI 




TWELVE Eqttitalent Positionb. 


(12a) uOO 


; tiOO; 


; u+i, 


i, i; i-u, i, i; 


OuO 


; OQO; 


; i, u+i, i; i, i-u, i; 


OOu 


; 000; 


i, i. 


u+i; i, i, i-u. 


(12b) u i 


; aiO; 


u+i, 


0, i; i-u, 0, i; 


Oui 


; Olli; 


i, u+i, 0; i, i-u, 0; 


iOu 


; iOa; 


0, i, 


u+i; 0, i, i-u. 


(12c) uOi 


; aii; 


u+i, 


i, i; i-u, 0, i; 


iuO 


; iai; 


i, u+i, i; i, i-u, 0; 


0}u 


; iio; 


i, i. 


u+i; 0, i. i-u. 


(12d) u V 


; OQt, 


; Out; 


Otlv; 


vOu 


; ^OQ, 


; tOu; 


vOQ; 


uvO 


; 11^0 


; ul^O; 


tlvO. 


(12e) iuv 


; iQ^, 


; iut; 


itlv; 


viu 


; ^itti 


; tiu; 


viiX; 


uvi 


; Q^i; 


; u^i; 


Qvi. 


(120 uOi 


; tioi; 


uiO; 


tliO; 


iuO; 


; ifiO; 


Oui; 


Otti; 


Oiu; 


; OiH; 


iOu; 


iOQ. 


(1^ uuv 


; uOt 


; aut 


; ntlv: 


vuu 


; Vull 


; tau 


; vdtl; 


uvu 


; flVu 


; uttl 


; flvQ. 


(12h)i0l; 


iOi; 


; Oii; 


Oii; 


iiO; 


iiO; 


; iiO; 


iiO; 


oii; 


Oiii 


; iOi; 


iOf 
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TWELVE Equivalbnt Positions. — Contintted. 



(12i) 



(12j) 



(12k) 



(121) 



(12m) 



(12n) 



(12o) 



(12p) 



(12q) 



(12r) 



(12b) 



uO} 
|uO 
Oiu 

§0u 
lOi 
HO 
Oil 

Hf 
HI 
HI 

uQO 
OuQ 
QOu 
uOi 
|ua 
0|u 
u, J- 

i-u, 
u, i- 

1, u, 

i-u, 
ii- 
«. i. 
i-u, 

1,1- 
u, i 

iOi; 
liO; 

oii; 



HOI 

}Q0 

oio 
aio 
oa| 
|oa 
ioi 
HO 
Oii 
iil 
Hi 
iH 

uuO 
Ouu 
uOu 
uu| 
Juu 
ufu 
■u, J 

*-" 

i, u 

•u, J 

i-u 

i u 

u, i 
u, u 

i-u 

u, u 
f-u 

HI; 
IH; 

HI; 



u+J, 0, i; 
i u+i 0; 
0, i, u+i; 
u+i, J, 0; 
0, u+J, i; 
i 0, u+J; 

HI; IH 

Hi; fil 

ill; ill 

OH; Oii 

foi; HO 

HO; ioi. 

naO; ouo 

OQfi; OQu 

aOQ; uoa 

aai; Qui 

iOQ; itlu 
QiQ; uia 

u, u+i, I 

i, u, u+i 

u+i, I, u 
u, u+i, i 
i, u, u+i 
u+i, I, u 
l-u, i-u, i 
h l-u, i-u 
i-u, i l-u 
i-u, i-u, i 
I, i-u, i-u 
i-u, I, i-u 
|0|; iii 
HO: iii 
OH; iif. 



i-u, 0, i; 
i, i-u, 0; 
0, i, i-u. 

i-u, i, 0; 
0, i-u, i; 
i, 0, i-u. 



fl, i-u, I; 
I, Q, i-u; 
i-u, I, Q; 
Q, i-u, i; 
i, Q, i-u; 
i-u, i, Q; 
U+I, u+i, j 
i, u+i, u+i 
u+i, I, U+I 
u+i, U+i, i 
i, u+i, u+i 
u+i, i, u+i 



Q, u+i, i 
i, Q, u+i 
u+i, i, 

a, u+i, i 

I, Q, u+i 
u+i, I, Q 
u+i, Q, I 
I, u+i, Q 
Q, I, u+i 
U+I, Q, i 
i, U+I, Q 
fl, i, u+J. 



SIXTEEN Equivalent Positions. 



(16a) uuu; 

uOtl; 

fluQ; 

11 a u; 
(16b) iii; 

iH; 
iH; 
iii; 



u+i, u+i, u; u+i, u, u+i 

u+i, i-u, 11; u+i, a, i-u 

i-u, u+i, Q; i-u, u, i-u 
i-u, i-u, u; i-u, Q, u+i 

Hi; HI; iU; 



u, u+i, u+i; 
u, i-u, i-u; 
Q, u+i, i-u; 
Q, i-u, u+i. 



IH; 

Hi; 
Hi; 



HI; 
IH; 
HI; 



8 



H; 
HI; 
ill 
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SPEaAL CASES OF THE CUBIC SPACE-GROUPS. 



SIXTEEN Equivalent Positions. — Continued. 



(16c) i I i 
ifi 

Hi 

HI 

(16d) uuu 
uQa 
Qua 
QQu 

(16e) uuu 
tiuu 



HI 
iil 

iii 

HI 

dQQ; 
duu; 
uOu; 
uuO; 



Hi; Hi 

fii; HI 

til; HI 

IH; Hi 

u+i, u+i, u+i; 
u+i, i-u, J-u; 

i-u, u+i, i-u: 



i-u, i-u, u+J; 
u, Q, i-u; i-u, u, a; 
a, u, u+i; u+i, Q, u; 
u+i, u+i, u+i 



i-u, i-u, i-u; 

i-u, u+i, u+i 
u+i, i-u, u+i 
u+i, u+i, i-u. 

Q, i-u, u; 
u, u+i, H; 
u+i, i-u, fl; a, u+i, i-u; 

i-u, Q, u+i; 
i-u, u+i, u; u, i-u, u+i; 

u+i, u, i-u. 
u, Q, i-u; i-u, u, H; ti, i— u, u; 

i-u, u+i, }-u; u+i, i-u, i-u; 

i-u, i-u, u+i; 
u+i, i-u, fl; a, u+i, i-u; 

i-u, Q, u+i; 
i-u, u+J, i-u; u+i, i-u, i-u; 

i-u, i-u, u+i 
(16g) uuu; u, tl, i-u; i-u, u, (1; H, i— u, u; 

u+i, i-u, u+i; i-u, u+i u+i; 

u+i u+i i-u; 
u+i, i-u, ii; Q, u+i, i-u; 

i-u, Q, u+i; 
u+i i-u, u+i; i-u, u+i, u+i; 

u+i, u+i i-u. 

iii 



u— J u— J u— J 

(16f) uuu; 

u+i, u+i, u+i 

u+i, u+i, u+i 

u+i u+i, u+i 

uuu; u, Q, i— 
i-u, i-u, i-u 

u+i, u+i, u+i 

i-u, i-u, I-u 



(16h)000; iii 
iiO; iii 
iOi; iii 

oii; iii 

(16i) iii; iii 

ill; iii 
III; ill 
III; IH 



iii 

iii 
iii 
iii 
Iii 
Hi 
Hi 
HI 



ooi 

OiO 

ioo 

iii 
ill 
HI 
HI 



TWENTY-FOUR EkjuiVALBNT Positions. 

(24a) u 0; u+i, i, 0; u+i, 0, i; uii; 

tlOO; i-u, i 0; i-u, 0, i; Oii; 

OuO; i, u+i, 0; iui; 0, u+i, i; 

OaO; i, i-u, 0; iOi; 0, i-u, i; 

OOu; iiu; i, 0, u+i; 0, i, u+i; 

OOQ; Hd; i, 0, i-u; 0. i, i-u. 
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TWENTY-FOUR EQUiYALmtr Pobitionb. — Continved. 



(24b) 



(24c) 



(24d) 



(24e) 



(24f) 



(24g) 



(24h) 



iiu 

Hll 
Hu 
uiJ 

iio 

ioi 

Hi 

Hi 
fii 

Ouv 

out 

Otlv 
vOu 
VOll 

uOi 
iuO 
Oiu 
tlOi 
|110 

o|a 

uOi 
iuO 
0|u 

ao| 

HO 
oin 

uuv 
vuu 
uvu 
udt 
tuQ 
Q^u 

iOO 
OiO 
OOi 
fOO 
0|0 
OOf 



ali 
uH 
iui 
itii 
ioi 

Jul 

iio 

Oil 
loi 

HI 

iii 
Hi 

tOu 
vOtl 
u vO 

nto 

uVO 
flvO 

tiii 
ifli 

iifl 
uii 
iui 

iiu 
uio 
Oui 
iOu 
aio 
oai 

iOQ 

Out 
ttlu 

UVfl 

flOv 

vtm 

tlvti 

i 
i 

i 



i 
i 
i 



i 
i 



i 

i 
i 
i 



i i-u, i 
i, u+i, 1 
i i, u+i 
i i i-u 
i, i, i-u 
i, i, u+i. 



u+i, i i 

i-u, f, i 

i-u, i, i 
u+i, i, i 

i, u+i, i 

i, i-u, i 

iiO; HO 

Oii; OH 

101; 101 

ill; ill 
lil; lil 
Hi; Hi. 

i, u+i, v+i; 
i, i-u, i-v; 
i, u+i, i-v; 
i, i-u, v+i; 
v+i, i, u+i; 
i-v, i, i-u; 

i-u, 0, 1 
1, i-u, 
0, 1, i-u 

u+i, 0, 1 
1, u+i, 
0, 1, u+i 

u+i, i, 
0, u+i, i 

i, 0, u+i 
i-u, i, 

0, i-u, i 

i, 0, i-u 
u+i, u+i, v+i; 
v+i, u+i, u+i; 
u+i, v+i, u+i; 
u+i, i-u, i-v; 
i-v, u+i, i-u; 
i-u, i-v, u+i; 

liO; Oli; 

ilO; lOi; 

liO; iOl; 

iiO; iOi; 

OH; Oil; 

iOi; Oil. 



i. 



i-v, i, u+i; 
v+i, i, i-u: 

u+i, v+i, i 
i-u, i-v, i 
u+i, i-v, ii 
i-u, v+i, 

u+i, i, li 
1, u+i, i 
i, 1, u+i: 

i-u, i, i 
1, i-u, i 
i, 1, i-u. 

u+i, 0, i: 
i, u+i, 0; 
0, i, u+i 

i-u, 0, i 

i, i-u, 0: 

0, i, i-u. 

i-u, u+i, i-v; 
i-v, i-u, u+i; 
u+i, i-v, i-u; 
i-u, i-u, v+i; 
v+i, i-u, i-u; 
i-u, v+i, i-u. 
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SPECIAIi CASES OF THE CUBIC SPACE-QBOUFS. 



TWENTY-FOUR EQUirAuirr PosmoMS. — CoaUnued. 



(24i) uOi; 
iuO; 
Oiu; 

i, u+i. i; 

u+i, * i; 

(24j) uaO; uuO 
Outt; Ouu 
nOu; uOu 

ouO; aao 
OQu; oaa 
uoa; aoa 

(24k) u, i-u, i; 
i, u, i-u; 
i-u, i, u; 
u+i 0, }; 

i u+J, 0; 

(241) uOl; 

iuO; 

Oiu; 

i, i-u, 0; 

i-u, 0, J; 

0. i, i-u; 
(24m) u, u+i t; 

J. u, u+J; 

u+l, i u; 



i-u, 0, f; 
i i-u. 0; 

0, I i-u; 

1, i-u, i; 
i-u, i, i; 
i, i i-u; 

u+i, i-u, i; 
i, u+i, i-u; 
i-u, i, u+i; 
u+i, u+i, i; 
i, u+i, u+i; 
u+i, i, u+i; 

u, u+i, I 
i, u, u+i 
u+i, i u 
i-u, tt, i 

a, i, i-u 
i, i-u, a 

u+i, i. i 

i u+i, i 

i, i u+i 

i i-u, i 
i-u, i, i 
i i i-u 
Q, i-u, i 

i % i-u 
i-u. i, 11 



aii; 
ioi; 
iiQ; 

u+i, i, i; 
i u+i, i; 
i, i, u+i; 



Q, i-u, i 

f fl. i-u 

i-u, i, a 
u+i, u, i 
u, i, u+i 
i, u+i, u 

i-u, 0, i 
i. i-u, 
0. i, i-u 
i, u+i i 
u+i, i, i 
i, i, u+i 

u, i-u, f 
i u, i-u 



i, i-u, 0; 
i-u, 0, i; 
0, i, i-u; 
i, u+i, 0, 
u+i, 0, i; 
0, i, u+i. 

i-u, i-u, i 

i, i-u, i-u; 
i-u, i, i-u; 
i-u, u+i, i 
i, i-u, u+ii 
u+i, i, i-u. 

Q, u+i, i; 
i, tl, u+i; 
u+i, i, a; 
i-u u, i; 
u, i, i-u; 
i, i— u. u. 

aii; 
iQi; 
iio; 
i, u+i, 0; 

u+i, 0, i; 

0, i, u+i. 

% u+i, i; 
f, fl, u+i; 
u+i, i, 0; 



i-u, f, u 
u+i, i-u, i; i-u, u+i, i; u+i, u+i, f ; 

i-u, i-u, f; 
h u+i, i-u; i, i-u, u+i; |, u+i, u+i; 

I, i-u, i-u; 
i-u, f, u+i; u+i, f, i-u; u+i, |, u+i; 

i-u, I, i-u. 

(24n) u, i-u, i; tl, u+i, i; u, u+i, |; d, i-u, |: 
i, u, i-u; i, tl, u+i; f, u, u+i; i, Q, i-u; 
i-u, i, u; u+i, i tl; u+i, f, u; i-u* |, fl; 
u+i, u+i, i; i-u, i-u, }; u+i, i-u, |; 

i-u, u+i, t; 
I, u+i, u+i; J, i-u, i-u; |, u+i, i-u; 

I, i-u, u+i; 
u+i, I, u+i; i-u, i, i-u; i-u, f, u+i; 

u+i, f, i-u. 
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TWENTY-POUR Equivalbnt Positions. — Continued. 



(24o) Ouv 
vOu 
uvO 
uOv 
Ovu 
vuO 

(24p)§uv 

uv J 

U J V 

J vu 

(24q) uuv 
vuu 



tiuv 
vHu 
uvti 



uvu 

(24r) Ouv 
vOu 
uvO 

if i-v, i-u 
J-v, J-u, i 
(248) u, J-u, J 
J, u, i-u 
i-u, i, u 

a, u+j, 1 

1, Q, u+i 

u+i, i, a 

(24t) u, i-u, J 
i u, §-u 
i-u, J, u 
i-u, u, i 
u, J, J-u 
J, i-u, u 

(24u) uuv; utl^ 
vuu; ^uti 
uvu; tl!^u 



OuV; Oav; 

VOu; vOO; 

uVO; QvO; 

uOV; aOv; 

OVu; OvQ; 

l^uO; vtiO; 

J u V; i tl v; 

^iu; vjtl; 

u^i; Hvi; 

ui^; tijv; 

Jl^u; ivQ; 

VuJ; vQj. 

auV; adv; 

Vdu; vtld; 

uVd; tlvti; 

udv; uuv; 

vud; i^uu; 

dvu; uVu. 

OuV; OQv; 

I^Ou; vOa; 

utO; dvO; 

u+J, i,v+i; J-u, i, v+i; u+J, J, J-v; 

i, v+J, u+i; i, v+J, i-u; i, i-v, u+i; 

v+i, u+J, i; v+J, i-u,i; i-v, u+i, J. 



u, u+i, i 
i u, u+i 
u+J, i, u 
d, i-u, i 
i tl, J~u 
i-u, i, d 

u, u+i, } 
}, u, u+i 
u+i, i, u 
u+i, u, i 

u, i U+J 

i u+i u 

dul^ 

Vdu 

ul^d 



tl, i-u, }; 

i d, i-u; 

i-u, i d; 

u, u+i, J; 

i, u, u+i; 

u+i, J, u; 

d, i-u, 1; 

i, d, J-u; 

i-u, 1, d; 

i-u, d, i; 

d, i, i-u; 

i §-u, d; 
ddv; 
vdd; 
d vd; 



d, u+i, i 
i, d, u+i 
u+l, i, d 

u, §-u, i 

i u, J-u 

i-u, i u 

a, u+j, J 

i, d, u+i 
u+i, J, d 
u+J, d, i 
tl, i, u+i 
i, u+i, d. 



J-u, i-u, J-v; i-u, u+i, v+i; 
J-v, i-u, §-u v+i §-u, u+J; 
i-u, i-v, J-u; u+J, v+J, i-u; 



u+J, §-u, v+J; 

u+J, u+i, J-v; 
v+J, u+J, i-u; 

l-v, u+J, u+i; 
J-u, v+J, u+J; 

u+i. i-v, u+i. 



no 
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TWENTY-FOUR Equivai.ent Pobitionb. — Conttnued. 



(24v) i J 

Oii 

HO 

OH 

(24w) 1 J 

HO 

OH 
foi 
no 

on 



Hi; 
iH; 

HI; 
Hi; 
iH; 
§il; 

iH; 
iii; 
iii; 

iii; 
iii; 
iii; 



ioi; 
HO; 
OH; 
iif; 
Iii; 
ill; 
iO|; 
HO; 
0|i; 

HI; 
IH; 
ill; 



iii 

iii 

iii 
|0i 

i|0 

OH 

Hi 
Hi 
ill 

ioi 
iio 
OH 



THIRTY-TWO Equivalbnt Pobitionb. 



(328) 


uuu; 


; u+i, u+i, u, 


; u+i, u, u+i 


; u, u+i, u+i 






uQQ; 


; u+i, i-u, a, 


; u+i, Q, i-u, 


; u, i-u, i-u 






autl; 


; i-u, u+i, 0; 


; i-u, u, i-u; 


; 0, u+i, i-u 






Qdu; 


; i-u, i-u, u; 


; i-u, tl, u+i, 


; 11, i-u, u+i 






Hflfi; 


; i-u, i-u, 0; 


; i-u, a, i-u; 


; % i-u, i-u 






11 uu; 


; i-u, u+i, u; 


; i-u, u, u+i; 


: a, u+i, u+i, 






utlu; 


; u+i, i-u, u; 


; u+i, tt, u+i; 


I u, i-u, u+i 






uuQ; 


; u+i, u+i, Q; 


; u+i, u, i-u; 


; u, u+i, i-u. 




(32b) 


uuu; 


; u+i, u+i, u, 


; u+i, u, u+i, 


; u, u+i, u+i 






una; 


; u+i, i-u, tl; 


; u+i, 11, i-u; 


; u, i-u, i-u 






Qua; 


I i-u, u+i, a, 


; i-u, u, i-u; 


; % u+i, i-u, 






fiflu; 


; i-u, i-u, u, 


; i-u, Q, u+i. 


; Q, i-u, u+i. 






i-u, 


1-u, i-u; 1- 


-u, I-u, i-u; 


I-u, i-u, I-u; 
i-u, I-u, I-u; 




i-u, 


u+i, u+i; 1- 


-u, U+I; u+i; 


I-u, u+i, U+I; 
i-u, U+I, U+I; 




u-l-i, 


i-u, u+i; u- 


f-l, I-u, u+i; 


U+I, i-u, U+I; 
u+i, I-u, U+I; 




u+i, 


u+i, i-u; u- 


M, U+I, i-u; 


U+I, u+i, l-u; 
u+i, U+I, I-u. 


(32c) 


uuu; 


; u+i, u+i, u; 


; u+i, u, u+i; 


; u, u+i, u+i; 






uflfl; 


; u+i, i-u, tl; 


. u+i, Q, i-u; 


; u, i-u, i-u; 






tiull; 


; i-u, u+i, Q; 


; i-u, u, i-u; 


. % u+i, i-u; 






OOu; 


; i-u, i-u, u; 


i-u, a, u+i; 


; 0, i-u, u+i; 






a+i, 


u+i, u+i, 


; u, 


u, u+i; u, uH 


ri, u; u+i, u, u; 




i-u, 


u+i, i-U; 


; tl, 


u, i-u; 11, uH 


^i, Q; i-u, u, 11; 




u+i, 


i-u, i-u; 


; u, 


11, i-u; u, i- 


-u, (I; u+i, Q, 11; 




i-u, 


i-u, u+i; 


; a, 


Q, u+i; Q, i- 


-u, u; i-u, a, 


u. 
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THIRTY-TWO Equivalbnt Positions. — Contintied. 

ill; Hi; Hi 



(32d)iti; 

fit; 
Hi; 
lit; 
ffi; 

Ht; 
fit; 
IH; 

(32e) IH; 

IH; 
Hf; 

iii; 
Hf; 
iil; 
HI; 

Hi; 

(32f) uuu; 

i-u, 

QQQ; 
u+i, 



HI; 
Hi; 
HI; 
HI; 

Hi; 
IH; 

Hi; 
Hi; 
HI; 
HI; 
Hf; 
iff; 
Hf; 
ffi; 
iff; 



IH; 
Hf; 
fH; 

fil; 
HI; 
Hf; 
iff; 
Hf; 
Hi; 
fH; 
iff; 
iff; 
fH; 
Hf; 
fii; 



fff 
fff 
ffi 
Hf 
Hf 
iff 
fH 
ffi 
iff 
Hi 
ffi 
Hi 
ffi 
Hi 
fil. 



fl, u, u-l-i; 
u+i, u+i; 



u, 11, i— u; i— u, u, Q; fl, i— u, u; 
J-u, i-u; u+i i-u, u+i; i-u, u+}, u+i; 

u+i u+i i-u; 
u+i Q, u; u, u+i, Q; 
i-u, u+i i-u; u+i }-u, i-u; 

}-u, i-u, u+i 
u+i i-u, Q; Q, u+i i-u; 

i-u, Q, u+i 
u+i I-u, u+i; I-u, u+i U+I; 

u+i u+i I-U 
i-u, u+i u; u, i-u, u+i; 

u+i u, i— u 
I-u, u+i i-u; u+i i-u, I-u; 

i-u, I-u, u+i 



u+i u+i u+i; 
I-u, I-u, I-u; 
i-u, i-u, i-u; 
u+i u+i U+I; 



FORTY-EIGHT Equivalent Positions. 



(48a) 



iiu 

ilQ 
HQ 
Hu 

uii 

ail 

Q|i 

uH 
iui 

mi 

itil 
|u| 



Hti 
Iiu 
i|u 

iiQ 
Qll 

u|i 
uil 

oii 

|Q| 

iu| 
iui 
iQi 



u+i, i i 
i-u, i I 
i-u, i i 
u+i i I 
i u+i, i 
i i-u, i 
i i-u, I 
i u+i I 
i-u, i i 
u+i, i i 
u+i i I 
i-u, i i 



i i-u, I 
i u+i, I 
i u+i, i 
i i-u, i 
i i u+i 
i i i-u 
i i i-u 

i i u+i 

i i i-u 
i, i, u+i 
i i u+i 

i i i-u. 
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(48b) u V 

oa^ 

Otiv 
vOu 
^Ou 
vOu 
vOQ 
uvO 
uvO 
uvO 
uvO 
(48c) uOO 
uOO 
OuO 
OuO 
OOu 
OOd 
i-u 
u+i 



0, 
0, 




i u+i, v; J, u, v+i 

J, J-u, 9; J, a, i-v 

h u+i, ^; i u, i-v 

J, i-u, v; i, a, v+J; 

v+i, i, u; v+i, 0, u+J 

i-v, i, ti; i-v, 0, i-u 

i-v, i, u; J-v, 0, u+i 
v+i, i, a; v+J, 0, i~u 
u+i, v+i 0; u+i V, i 
i-u, i-v, 0; i-u, ^, i 
u+i, i-v, 0; u+i, V, i 
i-u, v+i, 0; i-u, V, i 
u+i, i, 0; 



u+i, 0, i 
i-u, 0, i 
iui; 
itli; 



u+i, v+i 
i-u, i-v 
u+i, i-v 
i-u, v+i 

V, i, u+i 
^, i, i-u 

% i, u+i 

v, i, i-u 
u, v+i, i 

Q, i-v, i 

u, i-v, i 

tl, v+i, i. 

uii; 
aii; 

0, u+i, i; 
0, i-u, i; 



i-u, i, 0; 
i, u+i, 0; 
i, i-u, 0; 
iiu; 

i, i; 'i-u, i i; i-u, J, i; i-u, i, i 
i, i; u+i, i, i; u+i, i, i; u+i, i, i 



i, 0, u+i; 0, i, u+i; 
i, 0, i-u; 0, i, i-u; 



i, i-u, i; i, i-u, i; i, i-u, i; i, i-u. i 

i, u+i, i; i, u+i, i; i, u+i, i; i, u+i, i 

i, i, i-u; i, i, i-u; i, i, i-u; i, i, i-u 

i, i, u+i; i, i, u+i; i, i, u+i; i, i, u+f 



(48d) uu v; uu v 
vuu; ^uu 
uvu; tivu 

u+i, u+i, V 
v+i, u+i, u 
u+i, V+i, u 
u+i, u, v+i 
v+i, u, u+i 
u+i, v, u+i 
u, u+i, v+i 
V, u+i, u+i 
u, v+i, u+i 

(48e) uOO 
OuO 
OOu 
uOO 
OtlO 
OOti 



u+i, i, i; uOi; 
i, u+i, i; Oui: 



auv; Qtiv; 
^uu; vtltl; 
uvtl; tlva; 
u+i, i-u, ^; i-u, u+i, ^ 

i-v, u+i, a; i-v, i-u, u 

i-u, i-v, u; u+i, i-v, a 
u+i, Q, i-v; i-u, u, i-v 

i-v, u, i-u; i-v, a, u+i 

i-u, V, u+i; u+i, ^, i-u 

u, i-u, i-v; a, u+i, i-v 

^, u+i, i-u; ^, i-u, u+i 
ti, i-v, u+i; u, i-v, i-u 

u+i, i, 0; u+i, 0, i; uii; 

i, u+i, 0; iui; 

iiu; i, 0, u+i; 0, i, u+i; 

i-u, i, 0; i-u, 0, i; Uii; 

i, i-u, 0; idi; 0, i-u, i; 

iiu; i, 0, i-u; 0, i, i-u; 

uiO; 



i-u, i-u, V 
v+i, i-u, Q 
i-u, v+i, Q 
i-u, ti, v+i 

v+i, a, i-u 
i-u, V, i-u 
u, i-u, v+i 
V, i-u, i-u 

tl, v+i, i-u 



0, u+i, i; 



u+i, 0, 0: 



0, u+i, 0; iuO; 
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FORTY-EIGHT Eqtjivalibnt FoBmom.— Continued. 



(48f) uQO 

Outi 

tlOu 

uuO 

Ouu 

uOu 

UQO 

OQQ 

aOQ 

tiuO 

Otlu 

uOQ 
(48g)uai 

iuQ 

a^u 

uu} 
^uu 
uiu 
Qui 

iaa 
din 
aui 
Hu 

(48h) u, i-u, i; 
i u, i-u; 
i-u, J, u; 



0, 0, u+i; OJu; JOu; 



OQi; 

aoi; 



0, i-u, 0; itlO; 
QiO; i-u, 0, 0; 



0, 0, i-u; OiG; ioa. 



u+J, i-u, 0; 

§-u, J, u 
u+i, u+i 0; 
i, u+i, u 
u+J, i, u 
i-u- i-u, 0; 

i-u, i, a 

i-u, u+i, 0; 

i i-u, u 

u+i, J, Q 
u+i, i-u, J; 
0, u+i, G 
i— u, 0, u 

0, u+i, u 
u+J, 0, u 

0, i-u, a 
j-u, 0, a 

0, J— u, u 

u+j, 0, a 



i— u, 0, u 

u+i, u, i 

J, u, U+J 
u+J, 0, u 

i, a, i-u 

*-u, 0, i 

i-u, u, i 



u, i-u, J; 
0, u+i, i-u; 

u, u+i, i; 
0, u+i, u+J; 

a, i-u, i; 
0, i-u, J-u; 
-u; a, i, i-u; 
Q, u+i, J; 
0, J-u, u+i; 



u+J, Q, 
0, u, J— u 



u+i, u, 
0, u, u+i 

u+i, i, u 
i-u, a, 

0, fl, J-u 

i-u, J, i 

i— u, u, 
0, Q, u+i 



u+i, 0, J-u; u, i, J-u. 



u, i-u, 0; 



§-u, J, u+J; Q, 0, n+i; 



J, u, u+}; 
u+i, J, u; 



u, u+i 0; 
J, u+J, u+i; 
+J; u, 0, u+i; 
a, J-u, 0; 
i, i-u, J-u; 
-u; a, 0, i-u; 
Q, u+J, 0; 
i, i-u, u+l; 
u+i, i, i-u; u, 0, J-u. 

Q, i-u, I; Q, u+i, J 
i a, i-u; i, G, u+1 
i-u, J, G; u+i, I, G 



u+i, 1-u, i; u+i u+i, i; i-u, i-u, |; i-u, u+J, i; 

i u+i, i-u; I, u+i, u+i; |, i-u, i-u; f, i-u, u+i; 

i-u, f, u; u+i, I, u; i-u, i, G; u+i, f, G; 

u+i, i-u, f; u+i, u+i, I; i-u, i-u, f; i-u, u+i, f; 

i u, i-u; i, u, u+i; f, G, i-u; f, G, u+i; 

i-u, i, u+i; u+i, i, u+i; i-u, J, i-u; u+i, i, i-u; 

u, i-u, I; u, u+i, I; G, i-u, |; G, u+i, f; 

i, u+i, i-u; i, u+i, u+i; I, i-u, i-u; i, i-u, u+i; 

i-u, f, u+i; u+i, I, u+i; i-u, f, i-u; u+i, |, i-u. 
(48i) iOO; iiO; iOi; iii; 
iOO; iiO; iOi; iii; 
OiO; iiO; iii; Oii; 
OiO: iiO; iii; Oii; 
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OOi; 


Hi; 


00|; 


Hi; 


iOi; 


iH; 


Hi; 


ioi; 


OH; 


Hi; 


Hi; 


oii; 


iiO; 


iiO; 


iii; 


iii; 


(48i) Ouv 


; Ou^; 


vOu 


; vOu; 


uvO 


; u^O; 


00^ 


; aOv; 


o^a 


; Ovd; 


^ao 


; vQO; 


oav 


; oav; 


^OQ, 


; vOu; 


a^Oj 


; avO; 


uOv, 


; uO^; 


Ovu, 


; OVu; 


vuO 


; ^uO; 


(48k) u u V 


; Quv; 


vuu 


; vau; 


u vu 


; uvQ; 


QQ^ 


; Qu^; 


a^a 


; u^a; 


van 


; ^Qu; 


utl^ 


; tlQv; 


^uti 


; vtlQ; 


avu 


; QvQ; 


uti V 


; uu^; 


Q vu 


; uvu; 


vufl 


; vuu; 



iOf; 
iOi; 
iOJ; 

iH; 
Hi; 
Oii; 



OH 

OH 

iH 
ioi 

Oii 

Hi 



ii*; iii 
iiO; iio. 

i u+i, v+J 
v+i, i u+J 
u+i v+J, i 
i-u, J, i-v 
i, i-v, J-u 
i-v, i-u, i 
i i-u, i-v 
i-v, i, i-u 
i-u, i-v, J 

u+i, i, v+J 
i v+i u+i 
v+J, u+i, i 
u+i, u+i, v+i 
v+J, u+i, u+i 

u+J, v+i, u+J 
i-u, i-u, i-v 
i-u, i-v, J-u 
i-v, i-u, i-u 

u+i, i-u, i-v 
i-v, u+i, i-u 

i-u, i-v, u+i 
u+i, J-u, v+J 

J-u, v+i, u+i 
v+i, u+J, i-u 



(481) u, u+i i 

i, u, u+i 
u+i, i, u 
u+i, u, i 
u, i, u+i 
i, u+i, u 

Q, i-u, i 
i, Q, i-u 

i-u, i, a 
i-u, a, i 
a, i i-u 
i, i-u, a 



u, i-u, } 

i, u, i-u 

i-u, i, u 

i-u, u, i 

u, i, i-u 

i, i-u, u 

Q, u+i, i 

i, a, u+i 

u+i, i, G 
u+i, tl, i 

Q, i, u+i 
i, u+i, n 



% u+i, i 

i, Q, u+i 
u+i, }, u 

u+i, Q, i 

tl, i, u+i 
i, u+i, Q 

u, i-u, i 
i, u, i-u 
i-u, i u 
i-u, u, i 
u, i, i-u 
i, i-u, u 



i, u+i, i-v 
i-v, i, u+i 
u+i, i-v, i 
i-u, i, v+i 
i, v+i, i-u 
v+i, i-u, i 
i, i-u, v+i 
v+i, i, i-u 
i-u, v+i, i 
u+i, i, i-v 
i, i-v, u+i 
i-v, u+i, i 
J-u, u+i, v+i 
v+i, i-u, u+i 
u+i, v+i, i-u 
i-u, u+i, i-v 
u+i, i-v, i-u 
i-v, i-u, u+i 
i-u, i-u, v+i 
v+i, i-u, i-u 
i-u, v+i, i-u 
u+i, u+i, i-v 
u+i, i-v, u+i 
i-v, u+i, u+i. 

Q, i-u, i; 
i, Q, i-u; 
i-u, i, Q; 
i-u, a, J; 
% i, i-u; 
i, i-u, u; 
u, u+i, i; 
i, u, u+i; 
u+i, i, u; 
u+i, u, i; 
u, i, u+i; 
i, u+i, u; 
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FORTY-EIGHT Eqotvalbnt Yoamom.— Continued. 



(48m) u i; 
iuO; 
Oju; 

i, i-u, 0; 
i-u, 0, i 
0, i, i-u: 

}Q0; 
OJQ; 

i u+i i 
u+i, i i: 

(48n) u, u+i, i 
i, u, u+i; 
u+i» if u; 
u+i i-u, i; 
h u+i i-u; 
i-u, i, u+i; 

Q, i-u, i; 
J, Q, i-u; 
i-u, i, Q; 
i-u, i-u, f ; 
i i-u, i-u; 
i-u, i i-u; 



u+i i, f 
i u+i, i: 
i i u+ii 

i i-u, i 

i-u, i i 
i i, I-u: 

i-u, i i 
i, i-u, i 
i i, i-u; 
i u+i, 0; 
u+i 0, i 

0, i u+i: 

% i-u, i: 
i Q, i-u: 
i-u, i 0: 
i-u, u+i, i; 

1, i-u, u+i; 
u+i, i, i-u; 
Q, u+i f 
i Q, u+i 
u+i i Q 
i-u, u+i i; 
i i-u, u+i; 
u+i i i-u; 



i-u, 0, ii 
i i-u, 0: 
0, i i-u: 
i u+i ii 

u+i i i: 
i i u+i 

uii; 
iui; 
iiu; 

i i-u, Oi 
i-u, 0, ii 
0, i i-ui 

u, i-u, i 
i u, i-u: 
i-u, i u; 
u+i u+i f ; 
i u+i u+i; 
u+i i u+i; 
u+i i-u, i; 
i u+i i-u; 
i-u, i u+i; 
u, i-u, I; 
i u, i-u; 
i-u, i u; 



aii; 
iQi; 

iiQ; 
i u+i Oi 
u+i 0, i 

0, i u+ii 

u+i 0, i 

i u+i Oi 
0, i u+i 

i i-u, ii 
i-u, i i 
i i i-u. 

% u+i ii 

i Q, u+i 

u+i i Q: 
i-u, i-u, i; 
i i-u, i-u; 
i-u, i i-u; 
u, u+i f 
i u, u+i 
u+i i u 
u+i u+i, i; 
i u+i u+i; 
u+i, i u+i. 



SIXTY-FOUR EquivAMajT Positions. 

(64a) uuu; uOQ; QuO; HHu; 
fldtl; Ouu; uQu; uufl; 
i-u, i-u, i-u; i-u, u+i u+i; u+i i-u, u+i; 

u+i u+i i-u; 
u+i, u+i, u+i; u+i i-u, i-u; i-u, u+i i-u; 

i-u, i-u, u+i; 
u+i u+i u; u+i i-u, 0; i-u, u+i Q; i-u, i-u, u; 
i-u, i-u, Q; i-u, u+i u; u+i i-u, u; u+i u+i Q; 
Q, a, i-u; Q, u, u+i; u, Q, u+i; u, u, i-u; 
u, u, u+i; u, Q, i-u; a, u, i-u; 0, Q, u+i; 
u+i u, u+i; u+i Q, i-u; i-u, u, i-u; i-u, tl, u+i; 
i-u, Q, i-u; i-u, u, u+i; u+i Q, u+i; u+i u, i-u; 
a, i-u, Q; a, u+i u; u, i— u, u; u, u+i, Q; 
u, u+i u; u, i-u, fl; 0, u+i fl; Q, i-u, u; 
u, u+i, u+i; u, i-u, i-u; Q, u+i i-u; 0, i-u, u+i; 
tl. i-u, i-u; Q, u+i, u+i; u, i-u, u+i; u, u+i, i-u; 
i-u, a, Q; i-u, u, u; u+i tl, u; u+i u, Q; 
u+i, u, u; u+i Q, Q; i-u, u, Q; i-u, Q, u. 
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SIXTY-FOUR EQuiVALmfT Positions.— Continued- 

(64b) uuu; uQQ; tLutL; QHu; 

J-u, i-u, i-u; u+i, i-u, u+i; 



i-u, i-u, }-u; 1-u, u+i, u+l; 
u+i, u+J, u+J; i-u, u+i, i-u; 



i-u, u+i, u+i; 

u+i, u+i, i-u 
u+i, i-u, u+i; 

u+i, u+i, i-u 
u+i, i-u, i-u; 

i-u, i-u, u+i 
u+i, u+i, u; u+i, i-u, Q; i-u, u+i, tt; i-u, i-u, u 
i-u, i-u, i-u; u+i, i-u, u+i; i-u, u+i, u+i; 

u+i, u+i, i-u 
i-u, i-u, i-u; i-u, u+i, u+i; u+i, i-u, u+i; 

u+i, u+i, i-u 
u, u, u+i; Q, u, i-u; u, fl, i-u; tl, a, u+i; 
u+i, u, u+i; u+i, d, i-u; i-u, u, i-u; i-u, d, u+i 
i-u, i-u, i-u; u+i, i-u, u+i; i-u, u+i, u+i 

u+i, u+i, i-u 
i-u, i-u, i-u; i-u, u+i, u+i; u+i, i-u, u+i; 

u+i, u+i, i-u 
u, u+i, u; Q, u+i, a; u, i-u, Q; Q, i-u, u; 
u, u+i, u+i; u, i-u, i-u; Q, u+i, i-u; Q, i-u, u+i 
i-u, i-u, i-u; u+i, i-u, u+i; 

i-u, i-u, i-u; i-u, u+i, u+i; 

u+i, u, u; i-u, u, d; u+i, d, d; 



i_ 



u, u+i, u+i 

u+i, u+i, i-u 

u+i, i-u, u+i; 

u+i, u+i, i-u 

i— u, d, u. 



NINETY-SIX Equivalent Positions. 



(96a) Ouv; OdV 
vOu; ^Od 
uvO; d^O 
dOv; uOv 
Ovd; Ovu 
vdO; vuO 
i, u+i, v; 
v+i, i, u; 



; Ou^; 


; Odv; 


; ^Ou, 


; vOd; 


; uVO; 


; dvO; 


; dOv; 


; uO^; 


; Ovd; 


; O^u; 


; VdO; 


; ^uO; 



i u+i, 9; 
i-v, i, u; 



i, i-u, V 
v+i, i, d 
i-u, v+i 
u+i, 0, ^ 
i, i-v, u 



0; 



i, i-u, ^; 

i-v, i, d; 

u+i, v+i, 0; i-u, i-v, 0; u+i, i-v, 0; 

i-u, i, ^; u+i, i, v; i-u, i, v; 

i, i-v, d; i, v+i, u; i, v+i, d; 

i-v, i-u, 0; v+i, u+i, 0; v+i, i-u, 0; i-v, u+i 

i, u, v+i; i, d, i-v; i, u, i-v; i d, v+i 

v+i, 0, u+i; i-v, 0, i-u; i-v, 0, u+i; v+i, 0, i-u; 

u+i, V, i; i-u, % i; u+i, % i; i-u, v, i 

i-u, 0, i-v; u+i, 0, v+i; i-u, 0, v+i; u+i, 0, i-v; 

i V, i-u; i, V, u+i; i, v, i-u; i, f, u+i 



0; 
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NINETY-SIX Equivalbnt Positions. — Cantinued. 

i-v, a, i; v+i, u, i; v+J, d, i; J-v, u, i; 

0, u+J, v+J; 0, i-u, J-v; 0, u+iJ-v; 0, J-u, v+J; 

V, i, u+i; % §, i-u; ^, §, u+J; v, §, J-u; 

u, v+§, i; a, i-v, i; u, J-v, §; ti, v+i i; 

Q, i, i-v; u, i, v+i; a, §, v+i; u, i, J-v; 

0, i-v, i-u; 0, v+iu+J; 0, v+J, J-u; 0, i-v, u+J; 



(96b) u u v; u Q ^ 

vuu; ^uH 

uvu; tll^u 

tlti^; utiv 

Vl^H; Uvu 

i^ati; vud 

v+i, u+i u 
u+i, v+ J, U 

V+J, u, u+§ 
u+i, V, u+ J 

§-u, ti,i-v 

J-v, il,i-u 
u, u+i, v+ J 
V, u+ J, u+i 
u, v+ J, u+i 

(96c) uuO; 
Ouu; 
uOu; 
fltlO; 
aOd; 
OdQ; 



V, u+i i; V, i-u, J; t, u+J, f 

duv; ddv 

^Hu; vdd 

u^d; dvd 

duv; uu^ 

uvd; u^u 

vdu; ^uu 

u+i i-u, ^ 

i-v, u+id 

J-u, J-v,u 

u+ii-u,v 

i-u, v+i, u 

v+i, u+ J, d 
u+j, d,J-v 
i-v,u,i-u 
i-u, ^, u+i 
u+i, d, v+i 

i-u, V, u+i 
v+i, u,i-u 
u, i-u, i-v 

^,u+i, i-u 
ti,i-v, u+i 

u,i-u, v+i 
% v+i, u+i 



i-u, i-u, i 
i, i-u, i-u 

i-u, i, i-u 
u+i, u+i, i 
u+i, i, u+i 

i, u+i, u+i 



V, u+i, i-u 
u+i, u, i; 
i, u, u+i; 
u+i, 0, u+i; 
i-u, d, i; 
i-u, 0, i-u; 
i, d, i-u; 

d, i-u, 0; 

0, i-u, d; 

did; 

u, u+i, 0; 

uiu; 

0, u+i, u; 



i-u, u+i, ^ 
i-v, i-u,u 

u+i, i-v,d 

i-u, u+i, V 
u+i, v+i, d 

v+i, i-u, u 

i-u, u, i-v 

i-v, d, u+i 
u+i, ^, i-u 
i-u, u, v+i 
u+i, V, i-u 

v+i, d, u+i 

ti, u+i, i-v 
^. i-u, u+i 
u, i-v, i-u 
^y u+i, v+i 

u, v+i, i-u 
V, i-u, u+i 
udO 



i-u, i-u, V 

v+i, i-u, d 

i-u, v+i, d 

u+i, u+i, V 
u+i, i-v, u 
i-v, u+i, u 

i-u, d, v+i 
v+i, d, i-u 
i-u, V, i-u 

u+i, u, i-v 
u+i, ^, u+i 
i-v, u, u+i 

d, i-u, v+i 

V, i-u, i-u 

Q, v+i, i-u 

u, u+i, i-v 
u, i-v, u+i 



Oud 
dOu 
duO 
Odu 
uOd 



i-u, u+i, i 
if i-u, u+i 
u+i, i, i-u 
u+i, i-u, i 

i, u+i, i-u 

i-u, i, u+i 



^, u+i, u+i 

u+i, d, i; 
i, u, i-u; 
i-u, 0, u+i; 
i-u, u, i; 
i, d, u+i; 
u+i, 0, i-u; 

ti, u+i, 0: 

0, i-u, u: 

uid; 

u, i-u, 0; 

0, u+i, d; 

diu; 
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NINETY-SIX Equivalbnt Positions. — Continusd. 



0, a, J-u; 
Q, 0, J-u; 
uui; 
u, 0, u+i; 
0, u, u+i; 



(96d) uvi 
iu V 

u^f 
Ju^ 
vju 
vQi 

Jva 

vu J 

U V J 

via 

vu} 

U J V 

f vu 

(96e) uuv 

vuu 

u vu 



u+J, u+i, 0; u, u+i, i; 
i, u+i, u; 0, u+i, u+i; 
u+J, i, u; u, i u+J; 
J-u, i-u, 0; Q, i-u, i; 
i-u, i Q; a, i i-u; 

0, §-u, §-u; 

J-u, a, 0; 

Ha; 

i-u, 0, a; 

u+J, u, 0; 

u+J, 0, u; 

Juu; 
J-u, J-v, i 
i, i-u, J-v; 
i-v, i, J-u; 

v+i, u+i, ! 

u+i i v+i 
i v+i, u+i 

j~u, v+i i 

i, i-u, v+i 
v+i i i-u: 
J-v, u+i i 
u+i i i-v; 
i i-v, u+i 

u+i i-v, i 

i u+i J-v; 
i-v, i u+i 
v+i i-u, i 
i-u, i v+i 
i v+i J-u: 
u+i v+i i 
i u+i v+i 
v+i i u+i 
i-v, J-u, i 
i-u, i, J-vi 
i J-v, i-u; 



ua^ 

^ufl 
tl vu 



Qu^ 

^au 

uvti 



ativ 
vQa 

tivQ 



u+i J-u, 
i u+i a; 
J-u, i u; 
i-u, u+i 
i i-u, u; 
u+i i Q; 
duj; 
0, a, u+i; 
u, 0, J-u; 
uaj; 
0, u, i— u 
ti, 0, u+i 
I u+i, V 
v+i, i u 
i-u, i ^ 

i i-v, d 

i u+i ^ 

i-v, i u 
i-u, J, V 

i v+i tl 

i i-u, V 
v+i, i a 
u+i i, 1^ 

i i-v, u 
i i-u, V 
i-v, i, Q 
u+i i V 
i v+i u 
i Q, i-v 
^, f, i-u 
u, i v+i 
i V, u+i 
i Q, v+i 

V, i i-u 
u, }, i-v 
i '^i u+i 



0; u, i-u, i; 
0, u+i i-u; 
fl, i u+i; 
0; Q, u+i i; 
0, i-u, u+i; 
u, i i-u; 
i-u, u, 0; 
itlu; 

u+i 0, Q; 
u+i tl, 0; 
iuQ; 
i— u, 0, u. 
i u, i-v; 
% i u+ 

% h V+1 

i, V, i- 
i u, v+1 
V, i u+ 
a, i i-v; 
i ^, i-u; 
u+i, V, 
i-v, Q, 
u+i ^, 

v+i a, 
i-u, V, 
i-v. u, 
i-u, ^, 

v+i u, 
Q, i-v, 
V, u+i 

a, v+i 

^, u+i 
u, i-v, 
V, i-u, 
u, v+i 

a, i-u, 



J-u, i-u, i-v; u+i i-u, v+i; i-u, u+i v+i; 

u+i u+i i-v; 
i+i v+i i-u; 
u+i i-v, u+i; 



i-u, i-v, i-u; i-u, v+i u+i; u 
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}-u, }-v, i-u; i-u, v+i u+i; 
i-v, }-u, i-u; v+i u+i i-u; 



i-u, i-v, i-u; i-u, v+i, u+i; 



NINETY-SIX Equivalbnt Positions. — Continued. 

i-v, i-u, i-u; v+i, u+i, i-u; v+i, i-u, u+i; 

i-v, u+i, u+i; 
u+i, u+i, v; u+i, i-u, ^; i-u, u+i, ^; i-u, i-u, v; 
v+i, u+i, u; i-v, u+i, a; i-v, i-u, u; v+i, i-u, a; 
u+i, v+i, u; i-u, i-v, u; u+i, i-v, ti; i-u, v+i, tl; 
i-u, i-u, i-v; u+i, i-u, v+i; i-u, u+f v+i; 

u+i, u+i, i-v; 
u+i, v+i, i-u; 

u+i, i-v, u+i; 
v+i, i-u, u+i; 
i-v, u+i, u+i; 
u+i, u, v+i; u+i, a, i-v; i-u, u, i-v; i-u, ti, v+i; 
v+i, u, u+i; i-v, u, i-u; i-v, Q, u+i; v+i, Q, i-u; 
u+i, V, u+i; i-u, ^, u+i; u+i, ^, i-u; i-u, v, i-u; 
i-u, i-u, i-v; u+i, i-u, v+i; i-u, u+i, v+i; 

u+i, u+i, i-v; 
u+i, v+i, i-u; 
u+i, i-v, u+i; 
i-v, i-u, i-u; v+i, u+i, i-u; v+i, i-u, u+i; 

i-v, u+i, u+i; 

il, i-u, v+i; 

V. i-u, i-u; 

0, v+i, i-u; 

i-u, u+i, v+i; 

u+i, u+i, i-v; 
u+i, v+i, i-u; 

u+i, i-v, u+i; 
v+i, i-u, u+i; 

i-v, u+i, u+i 

(96f) u, i-u, i; u, u+i J; Q, i-u, i; Q, u+i i; 

i u, i-u; i, u, u+i; i, Q, i-u; i, Q, u+i; 

i-u, i u; u+i i u; i-u, i u; u+i i u; 

u+i, i-u, i; u+i u+i i; i-u, i-u, i; i-u, u+i i; 

i u+i, i-u; I, u+i, u+i; i i-u, i-u; i i-u, u+i; 

i-u, i u; u+i i u; i-u, i ti; u+i i u; 

u+i i-u, I; u+i u+i i; i-u, i-u, |; i-u, u+i f; 

i u, i-u; i u, u+i; i ti, i-u; i tl, u+i; 

i-u, i u+i; u+i i u+i; i-u, i i-u; u+i i i-u; 

u, i-u, I; u, u+i i; a, i-u, i; Q. u+i |; 

i u+i i-u; i u+i u+i; i i-u, }-u; i i-u, u+i; 

i-u, i u+i; u+i i u+i; i-u, i i-u; u+i i i-u; 

i-u, u, i; u+i u, i; i-u, ti, i; u+i a, i; 

u, i i-u; u, i u+i; 0, i i-u; Q, i u+i; 



u, u+i, v+i; u, i-u, i-v; a, u+i i-v 

V, u+i u+i; 1^, u+i, i-u; ^, i-u, u+i 
u, v+i u+i; ti, i-v, u+i; u, i-v, i-u 
i-u, i-u, i-v; u+i i-u, v+i; 

i-u, i-v, i-u; i-u, v+i u+i; 

i-v, i-u, i-u; v+i u+i i-u; 
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t, i-u, u; 
1-u, u+i, i; 

f, i-u, u; 
i-u, u+i, f ; 
u, I, i-u; 
i, i-u, u+i; 
i-u, u, I; 
i+J, i i-u; 
f, i-u, u+i; 
(96g) uOO; 
aOO; 
OuO; 
OaO; 
OOu; 
OOd; 

i i-«, i 
i, u+i, i: 
i-u, i, i; 

«+i, i, i: 
i, i, i-u; 
i. i, u+i 
i-u, i i: 

u+i, i, i: 
i, i-u, ii 
I u+i, ii 
i, i, i-u: 
i i. u+i, 
i u+i i 

i i-u, i 
u+i i i 
i-u, i i 
i i u+i 
i i i-u; 
(96h) u, i-u, J: 
i u, i-ui 
i-u, i u: 
u+i i-u, J; 
i u+i i-u; 
i-u, i, u; 
u+i i-u, I; 
i u, i-u; 
i-u, i u+i; 



i, u+i, u; 
u+i u+i i; 
u+i. i u+i; 
i u+i, u; 
u+i, u+i i; 
u, i, u+i; 
i u+i, u+i; 
u+i u, i; 
u+i f u+i; 
I, u+i u+i; 
u+i i 0; 
i-u, i 0; 
i u+i 0: 
i i-u, 0; 
iiu; 

iifl; 

I i-u, i; 
i u+i i: 
i-u, i i 
u+i i i; 
i i i-u; 
i i, u+i; 
i-u. i i; 
u+i i i 
i i-u, i; 
i u+i i; 
i i i-u; 
i i u+i; 
Oui; 

oai; 

uOi; 

aoi; 

0, 0, u+i; 
0, 0, i-u; 
u. u+i, }; 
i u, u+i; 
u+i i u; 
u+i u+i i; 
i u+i u+i; 

u+i i u; 

u+i u+i. I; 
i u, u+i; 
u+i i u+i; 



i i-u, Q; 
i-u, i-u, i; 
i-u, i i-u; 
i i-u, Q; 
i-u, i-u, i; 
tl. I, i-u; 
i i-u. i-u; 
i-u, fl, i; 
i-u, i i-u; 
i i-u, i-u; 
u+i 0, i; 
i-u. 0, i; 
iui; 

ifli; 

i 0, u+i; 
i 0, i-u; 
i i-u, i; 
i u+i i; 
i-u. i i; 
u+i i i; 
i i i-u; 
i i u+i; 
i-u, i i; 
u+i i i; 
i i-u. i; 
i u+i i 
i i i-u; 
i i u+i 
0, u+i, 0; 
0, i-u, 0; 
uiO; 

aio; 

Oiu; 
Oill; 

tti i-u. I; 
i Q, i-u; 
i-u, i fl; 
i-u, i-u, i; 
i i-u, i-u; 
i-u, i (i; 
i-u, i-u, i; 
i fl, i-u; 
i-u, i i-u; 



i u+i tt; 
u+i. i-u. i; 
i-u, I, u+i; 
i u+i 0; 
u+i i-u, f ; 
% i u+i; 
i u+i i-u; 

u+i Q. f ; 
i-u, i u+i; 
i u+i i-u. 
uii; 

aii; 
0, u+i, i; 

0, i-u, i 
0, i u+i; 
0, i i-u; 
i i-u, i 
i u+i i; 
i-u, i i; 
u+i i i; 
i i i-u; 
i i u+i 
i-u, i i 
u+i i i; 
i i-u. i; 
i u+i i 
i i i-u; 
i i u+i 
iuO; 
itlO; 

u+i 0, 0; 
i-u, 0, 0; 
iOu; 
iOQ; 

11, u+i i; 
i Q, u+i; 
u+i i Q; 
i-u, u+i J; 
i i-u, u+i: 
u+i, i 0; 
i-u, u+i, I; 
i Q, u+i; 
u+i i i-u; 
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NINETY-SIX Eqttiyalbnt Pobitionb.— Conitniied. 



% 1-u, I; u, u+i I; 
iu+ii-u; f,u+J, u+i; 
i-u, f,u+J; u+i f,u+i; 
l-u,u+if; u+J,u+i|; 

f,i-u,u+J; |,u+J,u+i; 
i-u, u, f ; u+i u, f ; 
u, i, 1-u; u, I, u+i; 
|,i-u, u+i; I, u+i u+i; 
i-u, u, i; u+i, u, i; 
u+i, i,i-u; u+i, f, u+i; 
i i-u, u; i, u+i, u; 
i-u, u+i, i; u+i, u+i, I; 
u, I, i-u; u, i, u+i; 
i i-u, u; i u+i, u; 



a, i-u, I; a, u+i, f ; 

i i-u, i-u; i, i-u, u+i; 
i-u, i, i-u; u+i, f, i-u; 
i-u, i-u, i; u+i, i-u, i; 
i-u, i, i-u; i-u, i, u+i; 
i i-u, i-u; I, u+i, i-u; 
i-u, u, i; u+i, a, i; 
% h i-u; Q, i, u+i; 
i, i-u, i-u; i, u+i, i-u; 
i-u, fl, i; u+i, Q, i; 
i-u, I, i-u; i-u, i, u+i; 
i, i-u, a; i, u+i, a; 
i-u, i-u, i; u+i, i-u, i; 
ti, i i-u; Q, f, u+i; 
i, i-u, Q; i, u+i, a; 



A. TETARTOHEDRY. 

Spacb-Group T*. 

One equivalent position : 
(a) la. (b) lb. 

Three equivalent positions: 
(e) 3a. (d) 3b. 

Four equivalent positions: 

(e) 4a. 

Six equivalent positions: 

(f) 6a. (h) 6c. 

(g) 6b. (i) 6d. 

Tweke equivaknt positions: 

(j) xys; xy«; Xyf; xya; 
zxy; 2xy; »Xy; axy; 
yzx; ySx; y«X; yzX. 

Spacs-Gboup T*. 

Fmar equivalent positions: 

(a) 4b. (o) 4d. 

(b) 4c. (d) 4e. 

Sixteen equivalent positions: 

(e) 16a. 

TiXfeniy^fovT equivalent positions: 

(f) 24a. (g) 24b. 
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yfX; y«X 

i-z, x+i, y 

i-y, i-«, X 
x+i, y, i-z 

i-z, X, i-y 
i-y, z, x+i 

X, i-y, i-2 

2, x+i i-y 
y, i-z, x+J 



Space-Gboup T* (canHnued). 

Foriy^ht equivalent poations: 

(h) xyz; xyS; Xy«; 
«xy; Jxy; 
yzx; y«x; 
x+i y+i, a 
»+i x+J, y 
y+i »+i X 

x+i, y, z+i 

z+i X, y+i 
y+i z, x+i 

X, y+i, «+i 

«, x+i, y+i 
y, z+i, x+i 

Space-Gboup T*. 

Two equivalent positions: 

(a) 2a. 

Six equivalent positions: 

(b) 6e. 

Eight equivalent positions: 

(c) 8a. 

Twelve equivalent positions: 

(d) 12a. (e) 12b. 

Twenty-four equivalent positions: 

(f) xyz; xyz; 3tyz; 
zxy; zxy; fXy; 
yzx; yzx; yK; 



xy«; 

y«x; 



i-x, y+i, 3 
i-z, i-x, y 

y+i, i-z, « 

i-x, y, i-z 
i-z, X,y+i 

y+i, 2, i-x 
X, y+i, i-z 
z, i-x, y+i 
y, i-z, i-x 



i-x, i-y, z; 
z+i, i-x, y; 
i-y, z+i, x; 
i-x, y, z+i; 
z+i, X, i-y; 

i-y, z, i-x; 
X, i-y, z+i; 

z, i-x, i-y; 

y, z+i, i-x. 



x+i, y+i, z+i; 
z+i, x+i, y+i; 
y+i, z+i, x+i; 



x+i, i-y, i-z; 

i-z, x+i, i-y; 

i-y, i-z, x+i; 



Spacb-Gboup T*. 

Four equivalent positions: 

(a)4f. 

Tioelve equivalent positions: 

(b) xyz; x+i, i-y, z; 
sxy; z, x+i, i-y; 
yzx; i-y, », x+i; 



*, y+i, i-z; 
i-z, X, y+i; 

y+i, i-z, X; 



i-x, y+i, i-z; 

i-x, i-y, z+i; 
i-z, i-x, y+i; 

z+i, i-x, i-y; 

y+i, i-z, i-x; 
i-y, z+i i-x. 



i-x, y, z+i; 
z+i, i-x, y; 
y, z+i, i-x. 
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Space-Group "P. 

Eight equivalent poeitioius: 

(a) 8b. 

Twelve equivalent positions: 

(b) 12c. 

Twenty-fcur equivalent positions: 

(c) xyz; X, y, i-z; i-x, y, 3 
«xy; i-z, X, y; 2, J-x, y 
yzx; y, i-z, x; y, 2, J-x 



2, X, J-y; 



x+i, y+i, z+J; x+i, J-y, 5; X, y+J, i-z; 

i-x, y, z+i; 
z+i, x+i y+i; 2, x+i, i-y; J-z, x, y+i; 

z+i, i-x, y; 
y+i, z+i, x+i; i-y, z, x+i; y+i, i-z, X; 

y, z+i, i-x. 

B. PARAMORPHIC HEMIHEDRY. 

Space-Gboup Ti. 

One equivalent position : 
(a) la. (b) lb. 

Three equivalent positions: 

(0) 3a. (d) 3b. 

Six equivalent positions: 

(e) 6a. (g) 6c. 

(f) 6b. (h) 6d. 

Eight equivalent positions: 
(i) 8c. 

Twdoe equivalent positions: 
(j) 12d. (k) 12e. 

Tweniy-fcwr equivalent positions: 

(1) xyz; xy2; 3cy2; xyz; 



zxy; 23cy; fXy; 


^] 


yzx; ysx; y2X; 


yzx; 


Sy2; Xyz; xyz; 


xyz; 


2Xy; zXy; zxy; 


*xy; 


y8X; yzX; yzx; 


jrzx. 


Spacs-Group Ik* 




TxDO equivalent positions: 




(a) 2a. 




Four equivalent positions: 




(b) 4d. (c) 4e. 
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Space Gboup !% (continued) . 
Six equivalent podtions: 

(d) 6e. 

Eight equivalent positions: 

(e) 8d. 

Twelve equivalent positions: 

(f) 12a. (g) 12b. 

Twenty-four equivalent positions : 

(h) xyz; xyg; xyi; 
zxy; zxy; zxy; 
yzx; yzx; yzX; 



i-x, i-y, i-z; i-x, y+i z+i; x+J, J-y, z+J; 

x+J, y+J, i-«i 
i-z, i-x, i-y; z+i J-x, y+J; z+J, x;+J, J-y; 

i-z, x+J, y+J; 
J-y, i-z, i-x; y+J, z+i, J-x; J-y, z+i, x+J; 

y+i i-z, x+J. 



Space-Gboup T{. 

Four equivalent positions: 
(a) 4b. (b) 4c. 

^H/A^ equivalent positions: 

(c) 8e. 

Twenty-fovr equivalent positions: 

(d) 24c. (e) 24a. 

Thirty^too equivalent positions : 

(f) 32a. 

Forty-eight equivalent positions: 

(g) 48a. (h) 48b. 

Ninety-six equivalent positions: 
(i) xyz; xyg; xyz; 



zxy; 
yzx; 

xys; 
zxy; 
yzx; 



zxy; 
y2x; 
xyz; 
zxy; 
yzX; 



zxy; 
yzX; 
xyz; 
zxy; 
yzx; 



xyz; 
zxy; 
yzX; 

xyz; 

8xy; 
yzx; 



x+ i y+i, z 
z+J, x+i y 
y+i z+J, X 
l-x, J-y, z 

-J-z, J-x, y 

J-y, J-z, X 



x+i, J-y, z; J-x, y+J, z 
J-z, x+J, y; J-z, J-x, y 
i-y, J-z, x; y+J, J-z, X 
J-"X,y+J, z; x+iJ-y, z 
z+J, J-x,y; z+J, x+J, y 
y+i z+J, X; J-y, z+J, X 



J-x, J-y, z 

z+J, J-x, y 
J-y, z+J, X 
x+J, y+ J, 2 

J-z, x+J, y 
y+J, J-z, X 
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Spaci^Group T{ {corUinued). 



J-z, X, J-y 
J-y, §, x+J 
J-x, y, z+J 
«+i X, y+i 
y+i z, i-x 
X, i-y, J-z 

2, x+i, i-y 
y, i-z, x+J 

X, y+J, z+ J 

z, i-x, y+f 

y, z+i, j-x 



x+i, y, z+J 

z+i, X, y+i 

y+i, z, x+J 

i-x, y, i-z 
i-z, x, i-y 

i-y, 2, i-x 

X, y+ J, z+ J 

z, x+ J, y+J 
y, z+i x+J 

X, i-y, i-z 

2, i-x, i-y 

y, i-z, i-x 

Space-Groxtp TJ. 

£i(^M equivalent positions: 
(a) 8f. (b) 8g. 

Sixteen equivalent positions: 
(c) 16b. (d) 16c. 

Thirty-two equivalent positions: 

(e) 32b. 

Fcrty^ht equivalent positions: 

(f) 48c. 

Ninety-eix equivalent positions: 

(g) xyz; xy2; Xy«; 
zxy; zxy; 
yzx; yzx; 

x+i, y+ J, z 
z+i x+i, y 

y+i, z+ J, X 

x+J, y, z+i 
z+ J, X, y+ J 
y+ J, z, x+J 
X, y+h z+i 
z, x+i y+J 
y, z+i x+i 



xyz; 



zXy; 

yzX; yzX; 

x+i i-y, z; 
i-z, x+i y; 

i-y, i-z, x; 

x+iy, i-z; 

i-z, X, i-y; 
i-y, z, x+i; 

X, i-y, i-z; 

z, x+i i-y; 
y, i-z, x+i; 



i-x, y, i-z 
i-z, x, y+i 

y+i 2, i-x 

x+i y, z+i 

z+i X, i-y 
i-y, z, x+i 
X, y+i i-z 
2, i-x, y+i 

y, i-z, i-x 
X, i-y, z+i 

z, x+i i-y 

y, z+i x+i 



i-x, i-y, J-z; i-x, y+i 



i-x, y+i z 
i-z, i-x, y 

y+i i-z, X 
i-x, y, i-z 

i-z, X, y+i 

y+i z, i-x 
5c, y+i i-z 
2, i-x, y+i 
Yf i-z, i-x 
z+i; 



i-x, y, z+i; 
z+i, X, i-y; 
i-y, z, i-x; 
x+i y, i-z; 
i-z, X, y+i; 
y+i 2, x+i; 
X, i-y, z+i; 
z, i-x, i-y; 
y, z+i i-x; 
X, y+i i-z; 

2, x+i y+i; 

y, i-z, x+i 



i-z, J-x, i-y; z+i i-x, y+i; 
i-y, i-z, i-x; y+i z+i i-x; 
i-x, i-y, i-z; i-x, y+i z+i; 



i-x, i-y, z; 

z+i i-x, y; 

i-y, z+i x; 
i-x, y, z+i; 
z+i X, i-y; 

i-y, z, i-x; 

X, i-y, z+i; 
z, i-x, i-y; 
y, z+i i-x; 
x+i i-y, z+i; 

x+i y+i i-z; 
z+i x+i i-y; 

i-z, x+i y+i; 

i-y, z+i x+i; 

y+i i-z, x+i; 
x+i i-y, z+i; 

x+i y+f i-z; 



J 
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Space Gboup TS (continued). 
Six equivalent podtions: 

(d) 6e. 

Eight equivalent positions: 

(e) 8d. 

Twelve equivalent positions: 

(f) 12a. (g) 12b. 

Twenty-four equivalent positions: 

(Jb) xyz; xy2; xyz; 
zxy; 2xy; gxy; 
yzx; yzx; yzx; 
i-x, i-y, i-z; 



zxy; 
yzx; 



i-x, y+J, «+J; x+J, J-y, z+J 

x+i, y+i, 
i-z, i-x, i-y; z+i i-x, y+J; z+i, x;+J, i-y 

i-z, x+i 
i-y, i-z, i-x; y+i, z+J, i-x; J-y, z+i, x+J 

y+i i-z, x+J. 



y+i; 



Spacb-Gboup TJ. 

Four equivalent positions: 
(a) 4b. (b) 4c. 

Eight equivalent positions: 

(c) 8e. 

Twenty 'four equivalent positions: 

(d) 24c. (e) 24a. 

Thirty4iwo equivalent positions: 

(f) 32a. 

Forty^ht equivalent positions: 

(g) 48a. (h) 48b. 

Ninety-six equivalent positions: 
(i) xyz; xyz; xyz; 



xy«; 



zxy; 2xy; 


zxy; zxy; 






yzx; yzx; 


ySX; yzX; 






Xy8; Xya; 


3^z; xyS; 






2Xy; zXy; 


zxy; zxy; 






ySX; yzX; 


yzx; ygx; 




• 


x+i y+i, z 


; x+i §-y, 2; 


i-x, y+J, 2; 


; §-x, l-y, z; 


2+i, x+i y 


; i-z, x+J, y; 


§-z, i-x, y. 


; z+if-x,y; 


y+i, «+i, x; 


; i-y, §-«, x; 


y+i l-z, x; 


; i-y, z+i X; 


i-x, i-y, 2; 


; i-x,y+J, z; 


x+i, §-y. «; 


; x+iy+i8; 


■j-z, j-x,y, 


; «+ii-x,y; 


a+i x+i y; 


; |-z,x+J,y; 


i-y, i-»i X; 


; y+i«+i,s; 


i-y, «+i, x; 


y+i h-', x; 
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Space-Group T^ {continued). 



x+J, y, z+i 
2+i, X, y+l 

y+i, z, x+i 
i-x, y, i-z 
J-z, X, i-y 

i-y, z, i~x 
X, y+i, z+ J 
z, x+J, y+J 
y, z+i x+J 

X, i-y, i-z 
z, i-x, J-y 



x+i, y, j-z 

i-z, x, i-y 
J-y, f, x+J 
i-x, y, z+i 
z+J, X, y+J 
y+i z, i-x 
X, J-y, i-z 
Si x+i i-y 
y, i-z,x+J 
X, y+J, z+i 
z, i-x, y+J 
y, z+i J-x 



y, i-z, i-x 

Space-Groxjp TJ. 

£iyM equivalent positions: 
(a) 8f . (b) 8g. 

Sixteen equivalent positions: 
(c) 16b. (d) 16c. 

Thirty^wo equivalent positions: 

(e) 32b. 

Fcrty^kt equivalent positions: 

(f) 48c. 

Ninety-eix equivalent positions: 

(g) xyz; 3^; XyS; 
zxy; zxy; 
yzx; ysx; 

x+i y+i, z 
z+i, x+i, y 
y+i, z+i, X 

x+i, y, z+i 

z+i, X, y+i 
y+i, z, x+i 
X, y+i, z+i 

z, x+i, y+i 

y, z+i, x+i 



xyz; 
zxy; 

yzX; 



i-x, y, i-z 
i-z, X, y+i 
y+i, 2, i-x 

x+i, y, z+i 

z+i, X, i-y 
i-y, z, x+i 
X, y+i, i-z 
z, i-x, y+i 

y, i-z, i-x 
X, i-y, z+i 
z, x+i, i-y 
y, z+i, x+i 



zXy; 
yzX; 
x+i i-y, 2; 

i-z, x+i, y; 
i-y, i-z, x; 

x+i, y, i-z; 
i-z, X, i-y; 
i-y, g, x+i; 
X, i-y, i-z; 
z, x+i, i-y; 
y, i-z, x+i; 
i-x, J-y, 1-z; i-x, y+i, 

i-z, J-x, i-y; z+i, i-x, 



i-x, y+i, z 
i-z, i-x, y 
y+i, i-z, X 

i-x, y, i-z 

i-z, X, y+i 

y+i, z, i-x 
X, y+i, i-z 

z, i-x, y+i 

y, i-z, i-x 
z+i; 



i-x, y, z+i; 

z+i, s, i-y; 
i-y, z, i-x; 

x+i, y, i-z; 
i-z, X, y+i; 
y+i, z, x+i; 
X, i-y, z+i; 
z, i-x, i-y; 
y, z+i, i-x; 
X, y+i, i-z; 
z, x+i, y+i; 
y, i-z, x+i. 



y+i; 

i-y, i-z, i-x; y+i, z+i, i-x; 
i-x, i-y, i-z; f-x, y+f, z+i; 



i-x, i-y, z; 
z+i, i-x, y; 
i-y, z+i, X; 
i-x, y, z+i; 
z+i, X, i-y; 

i-y, z, i-x; 
*, i-y, z+i; 

z, i-x, i-y; 
y, z+i, i-x; 

x+i, i-y, z+i; 
x+i, y+i, i-z; 

z+i, x+i, i-y; 

i-z, x+i, y+i; 
i-y, «+i, x+i; 

y+i, i-z, x+i; 
x+i i-y, z+i; 

x+i y+i i-z; 
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Spacb-Gboup Tk (conUnuoi). 

l-z, l-x, 1-y 

i-y, l-«, i-x 

i-x, i-y, i-2 
i-z, i-x, J-y 

l-y, J-z, }-x 

i-x. 1-y, i-z 
i-«, i-x, i-y 
i-y, i-z, i-x 



«+i, i-x, y+i 
y+i «+l i-x 

i-x, y+i, z+i 
«+i, i-x, y+i 
y+i «+i, i-x 
i-x, y+i, z+i 

z+i, i-x, y+i 

y+i, z+i, i-x 



Spacb-Gboxip TJ. 

Two equivalent positions: 

(a) 2a. 

iStz equivalent positions: 

(b) 6e. 

£t{7A< equivalent positions: 

(c) 8e. 

Twdve equivalent positions: 

(d) 12a. (e) 12b. 

Sixteen equivalent positions: 
(f) 16d. 

Ttoenty-four equivalent positions: 
(g)24d. 

Forty-eight equivalent positions: 



z+i, x+i, i-y 

i-z, x+i, 

i-y, z+i, x+i 

y+i, i-z. 

x+i, i-y, z+i 

x+i, y+i, 

z+i, x+i, i-y 
i-z, x+i, 

i-y, z+i, x+i 
y+i, i-z, 

x+i. i-y, z+i 
x+i, y+i, 

z+i, x+i, i-y 
i-z, x+i, 

i-y, z+i, x+i 
y+i, i-z. 



y+i 
x+i 

i-z 

y+i 

x+i 
i-z 

y+i 
x+i 



xyz; T^z; 


xy5; 


xyz; 


zxy; 2xy; 


My; 


zxy; 


yzx; y2x; 


y2X; 


yzx; 


XJr2; Xyz; 


xyz; 


xyi; 


2Xy; zRy; 


zxy; 


2xy; 


yfX; yzX; 


yzx; 


y«x; 


x+i, y+i, z 


+i; x+i 


r i-y, i-z; i-x, y+i, i-z; 

i-x, i-y, z+i; 


z+i, x+i, y+i; i-z. 


x+i, i-y; i-z, i-x, y+i; 






z+i, i-x, i-y; 



\ 
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Spacid-Gboitp Th {continued). 

y+i z+i x+i; i-y, J-z, x;+J; 

i-x, i-y, J-z; i-x, y+J, z+J; 

i-z, i-x, i-y; z+J, i-x, y+i; 

i-y, J-z, J-x; y+J, z+J, J-x; 

Space-Gboxtp TJ. 

Four equivalent positions: 

(a) 4b. (b) 4c. 

Eight equivalent positions: 

(c) 8h. 
Twenty-four equivalent positions: 



y+i, i-«, i-x; 
J-y, «+i J-x; 

x+J, i-y, z+J; 

x+i y+i i-z; 
2+i x+J, i-y; 

i-z, x+J, y+J; 
i-y, z+i x+J; 

y+i, i-z, x+i. 



(d) xyz 
zxy 
yzx 
xyz 
2xy 



x+i, i-y, z 

2, x+J, J-y 
i-y, z, x+i 
i-x, y+J, z 
z, i-x, y+i 
y+i z, J-x 



yzx 

Spacis-Gboup T^. 

Eight equivalent positions: 
(a) 8i. (b) 8e. 

Sixteen equivalent positions: 

(c) 16e. 

Twenty-four equivalent position! 

(d) 24e. 

Forty-eight equivalent positions: 



X, y+i i-z 

i-z, X, y+i 

y+i i-z, X 
X, i-y, z+i 

z+i, X, i-y 

l-yi z+i, X 



i-x, y, z+i; 

z+i, i-x, y; 
9f z+J, i-x; 
x+J, y, J-z; 
§-z, x;+i, y: 
y, i-z, x+} 



(e) xyz 
zxy 
yzx 

xyg 
2xy 
ygx 



X, y, i-z 

i-z, X, y 

y, i-z, X 

X, y, z+J 

z+J, X, y 

y, z+i, s 



x+i y+i, z+i 



i-x, y, z 
z, i-x, y 

y, 2, i-x 

x+i y, z 
z, x+i y 
y, z, x+i 



X, l-y, z; 
z, X, J-y; 
i-y, z, X; 
X, y+i 2; 
z, X, y+i; 



_ y+i 2, x; 

x+i i-y, z; X, y+i|j-z; 

i-x. y, z+i; 

z+i x+i y+l; z, x+i J-y; i-z, X, y+|; 

z+i §-x, y; 
y+i z+i x+i; i-y, z, x+i; y+i i-z, X; 

y, z+i i-x; 
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Space-Gboitp T^ (otm^nued). 

i-x, i-y, J-z; J-x, y+i «; x, J-y, i+J; 

x+i y, i-»; 

J-z, i-x, J-y; z, J-x, y+J; z+|, x, |-y; 

i-z, x+J, y; 
i-y, i-z, J-x; y+J, z, J-x; i-y, z+J, x; 

y, J-z, x+J. 

C. HEMIMORPHIC HEMIHEDRY. 
Space-Gbottp TJ. 

One equivalent position: 

(a) la. (b) lb. 

Three equivalent positions: 
(c) 3a. (d) 3b. 

Four equivalent positions: 

(e) 4a. 

Six equivalent positions: 

(f) 6a. (g) 6d. 
Twelve equivalent positions: 

(h) 12f. (i) 12g. 

Twemiy-fovT equivalent positions: 

(]) xyz; xyz; 3tyg; xyz; 

zxy; fxy; SXy; zXy; 

yzx; ysx; y«; yzX; 

yxz; yxf; yX5; yxz; 

xzy; xgy; Sy; 3tzy; 

zyx; zyx; 8yX; zyx; 

Spacs-Gboxtp TJ. 

Four equivalent positions: 

(a) 4b. (c) 4d. 

(b) 4c. (d) 4e. 

Sixteen equivalent positions: 

(e) 16a. 

Tweniy-four equivalent positions: 

(f) 24a. (g) 24b. 
Forty-etght equivalent positions: 

(h) 48d. 
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Space-Gboup Ttf (eonttniied). 

Ninety six equivalent positions: 



(i) xya; xyS; 


xys; xyz 






jsxy; 2xy; 


gXy; zxy 






yzx; ysx; 


y2X; yzX 






yx*; yx2; 


yX8; yxz 






xzy; rfy; 


X2y; Xzy 






«yx; syx; 


2yX; zyx 


t 




x+i y+i «, 


; x+i,i-y,8; 


i-x, y+i, i. 


; i-x, i-y, z 


z+ii »+i y, 


; i-z,x+i,y; 


i-z, i-x, yi 


; z+i, i-x, y 


y+l, «+§, X, 


; i-y, i-z,x; 


y+i, i-z, x; 


; i-y, z+i, X 


y+i x+i * 


; i-y. x+i, z; 


y+i, i-x, B. 


; i-y, i-x, z 


x+i z+i. y 


; x+i,i-z,y; 


i-x, i-z, y. 


; i-x, z+i, y 


«+i y+i X 


; i-z, i-y, x; 


i-z, y+i, X, 


; z+i, i-y, X 


x+i. y, z+§, 


; x+i, y, i-z; 


i-x, y, i-z, 


; i-x, y, z+i 


«+§» X, y+i 


; i-z, X, i-y; 


i-z, X, y+i, 


; z+i, X, i-y 


y+i «, x+i 


; i-y, 2. x+i; 


y+i, 5, i-x 


; i-y, z, i-x 


y+§, X, a+J, 


; i-y. X, i-z; 


y+i, *, i-z, 


; i-y, X, z+i 


x+i «, y+i, 


; x+i, «, i-y; 


i-x, », y+i; 


; i-x, z, i-y 


«+i y, »+§, 


; i-z, y, x+i; 


i-z, y, i-x; 


; z+i, y, i-x 


X, y+i, «+i, 


; X, i-y, i-z; 


X, y+i, i-z; 


; X, i-y, z+i 


z, x+i, y+i, 


; *, x+i, i-y; 


z, i-x, y+i, 


; z, i-x, i-y 


y, z+i, x+ii 


; y, i-z, x+i; 


y, i-z, i-x; 


; y, z+i, i-x 


y, x+i, z+ii 


; y, x+i, i-z; 


y, i-x, i-z; 


; y. i-x, z+i 


X, z+i, y+i; 


i X, i-z, i-y; 


X, i-z, y+i; 


X, z+i, i-y 


z, y+i, x+ii 


2, i-y, x+i; 


8, y+i, i-x; 


; z, i-y, i-x 


Spack-Gboup Itf. 








Two equivalent poritir 


>n8: 






(a) 2a. 








Six equivalent positioi 


us: 






(b) 6e. 








Eight equivalent ponti 


ona: 






(c) 8a. 








Tv)eb>e equivalent pod 


tions: 






(d) 12b. 


(e) 12a. 






Twenty-four equivalem 


t positionfi: 






(f) 24f. ( 


B)2ig- 






Forty-eight equivalent 


positions: 






(h) xyz; xy«; 


Xy8; xyz. 






zxy; 8xy; 


«y; zxy, 






yzx; ysx; 


y8X; yzX, 






yxz; yx2; 


yxJ; yXz. 






xzy; x2y; 


X8y; iz} 






zyx; syx; 


5yX; ^ 


f 
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Space-Gboitp Ta {continued). 

z+i, x+J, y+J 

y+Ji «+4, x+J 
y+i, x+J, z+J 

x+i «+i y+i 
2+ii y+J, x+J 



x+i, i-y, J-«; 

J-z, x+i i-y; 

i-y, i-a, x+J; 

i-y, x+i, i-z; 

x+i, i-«, i-y; 
i-z, J-y, x+J; 



Space-Gboxjp TJ. 

Two equivalent podtions: 

(a) 2a. 

Six equivalent positions: 

(b) 6e. (d) 6g. 

(c) 6f . 

Eight equivalent positions: 

(e) 8a. 

Twelve equivalent positions: 

(f) 12a. (h) 12i. 

(g) 121. 

Twenty-four equivalent positions: 

(i) xyz; xyg; xy2; xyz; 
ixy; zxy; zxy; zXy; 
yzx; yzx; yzX; yzt; 
y+i, x+i, z+i; i-y, x+J, J 



i-x, y+J, J-z; 

J-x, J-y, z+i; 
i-z, J-x, y+J; 

»+i i"X, i-y; 

y+i, i-«, i-x; 

i-y, 2+ii J-x; 

y+i, J-x, i-z; 
i-y, J-x, z+i; 

J-x, J-z, y+i; 

J-x, z+J, i-y; 
i-a, y+J, §-x; 

«+i, i-y, i-x; 



a; 



x+i, z+J, y+J; x+i J-z, J-y; 
z+i, y+i, x+J; J-z, J-y, x+J; 



Space-Gboup TJ. 

jSi(/A^ equivalent positions: 
(a) 8i. (b) 8e. 

Tweniy-JouT equivalent positions: 
(c) 24c. (d) 24h. 

ThirtyAwo equivalent positions: 
(e) 32c. 



y+J, J-x, J-z; 

J-y, J-x, z+l; 
J-x, J-z, y+J; 

J-x, z+J, J-y; 
J-z, y+J, J-x; 

2+i J-y, J-x. 
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Space-Group T2 {continued). 

Forty^kt equivalent positionB: 

(f) 48e. (g) 48a. 

Ninety 'SIX equivalent podtions: 

(h) xyz; xyz; xyz; xyz; 
zxy; zxy; ixy; 2Sy; 
yzx; yzx; yzX; yzx; 
y+h x+i, z+i; i-y, x+i, i-z; y+i, i-x, |-z; 

i-y, i-x, z+}; 
x+J, z+J, y+J; x+J, J-z, J-y; J-x, J-z, y+i; 

i-x, z+J, i-y; 
«+i y+h x+i; i-z, i-y, x+J; J-z, y+J, J-x; 

z+ii i-y, J-x; 

x+i, y+i, z; x+i J-y, 2; J-x, y+J, z; J-x, J-y, z; 
2+ix+i, y; i-z, x+J, y; i-z, J-x, y; z+J, J-x, y; 

y+i, z+i, x; i-y, i-z, x; y+i, i-z, X; J-y, z+J, x; 

y, X, z+i; y, X, i-z; y, x, J~z; y, X, z+i; 

X, z, y+J; X, 2, J-y; x, z, y+J; x, z, J-y; 

a, y, x+J; z, y, x+i; 2, y, i-x; z, y, i-x; 

x+i, y, z+i; x+iy. i-z; J-x, y, J-z; J-x, y, z+i; 

z+J, X, y+J; J-z, X, i-y; i-z, X, y+J; z+J. X J-y; 

y+i, z, x+i; i-y, z, x+i; y+J, a, J-x; i-y, z, J-x; 

y, x+i z; y, x+J, z; y, J-x, z; y, J-x, z; 

X, z+i, y; X, i-z, y; X, J-z, y; X, z+J, y; 

2, y+i, x; z, l-y, x; z, y+J, x; z, J-y, X; 

X, y+i, z+i; X, i-y, J-z; X, y+J, J-z; X, J-y, z+J; 

2, x+i, y+J; z, x+l, J-y; z, J-x, y+J; z, i-x, J-y; 

y, z+i x+i; y, J-z, x+i; y, J-z, J-x; y, z+i i-x; 

y+i X, z; i-y, x, z; y+i X, g; J-y, X, z; 

x+i, z, y; x+J, g, y; i-x, i, y; i-x, z, y; 

z+i y, x; J-z, y, x; i-z, y, X; z+i, y, X. 

Spacb-Gboxtp TJ. 

Ttoelve equivalent podtions: 

(a) 12k. (b) 121. 

Sixteen equivalent positions: 

(c) 16f. 

Tweniy^four equivalent positions: 

(d) 24i. 

FoTty-eighi equivalent positions: 

(e) xyz; x, y, J-z; J-x, y, z; X, J-y, z; 
zxy; i-z, X, y; z, J-x, y; z, X, J-y; 
y«x; y, i-z, x; y, z, J-x; J-y, z, X; 
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«+i x+i y+i; 
y+i «+i x+§; 



x+J, J-y, 8; 

«, x+i, i-y; 
i-y, », x+l; 



Spacb-Gboup TS (fiontmtud). 

y+i x+i «+i; J-y, x+i }-«; y+i, i-x. i-«; 

}-y. J-3S. «+i; 

x+l, a+i, y+i; x+i, }-», 1-y; i-x, J-z, y+J; 

i-x, «+i, }-y; 
«+i. y+i. x+i; i-«. i-y. x+i; i-», y+i, }-x; 

»+i. i-y, i-x; 

X, y+i, i-«; 

i-x, y, «+i; 

i-«, *, y+i; 

«+i, i-x, y; 
y+i, i-a, *; 

y, »+i, i-x; 

y+i x+i a+i; i-y, x+i \-t; y+i, i-x, i-«; 

i-y, i-x, «+i; 

x+i, »+i, y+i; x+i, i-B, i-y; i-x, i-«, y+i; 

i-x, «+i, i-y; 
a+i, y+i, x+i; i-8, i-y, x+i; i-«, y+i, i-x; 

«+i, i-y, i-x. 

D. ENANTIOMORPHIC HEMIHEDRY. 

Spacb-Gboup 0^. 

One equivatent podtion: 

(a) la. (b) lb. 

Three equivalent podtions: 

(c) 3a. (d) 3b. 

Six equivalent positions: 

(e) 6a. (g) 6c. 

(f) 6b. (h) 6d. 

Eight equivalent positions: 

(i) 8c. 
TvoeUie equivalent positions: 

(j) 12m. (k) 12n. 

Twenty-four equivalent positions: 

(I) xya; xy«; syj; 



zxy; 
yax; 

yM; 
sy; 

syx; 



«xy; 

yjx; 

y*«; 

X«y; 

ay*; 



«xy; 

y«X; 
yxa; 

xsy; 

zyx; 



xy«; 

rty; 
yzX; 
yx8; 
x8y; 
*yx. 
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Spagb-Gbottp 0*. 

Tvjo equivalent podtions: 

(a) 2a. 

Four equivalent positions: 

(b) 4d. (o) 4e. 
Six equivalent positions: 

(d) 6e. (f) 6g. 

(e) 6f. 

Eight equivalent positions: 

(g)8d. 

Txodoe equivalent podtions: 

(h) 12a. (k) 12o. 

a) 12i. a) 12p. 

Twenitif-fowr equivalent positions: 

(m) xys; xyg; xyz; Xyz: 
sxy; 2:^; zSy; zxy; 
yzx; ysEx; yzX; yax; 
i-y, i-x, i-z; y+i i-x, z+i; J-y, x+J, z+i; 

y+i, x+J, J-z; 
i-x, i-z, J-y; i-x, z+i, y+J; x+J, z+J, J-y; 

x+i, i-z, y+i; 
i-z, i-y, J-x; z+i, y+i, J-x; z+J, J-y, x+J; 

i-z, y+i, x+i 

Space-Gboup 0*. 

Four equivalent positions: 

(a) 4b. (b) 4c. 

Eight equivalent positions: 

(o) 8e. 
Tweniy-four equivalent positions : 

(d) 24c. (e) 24a. 

Thirty^wo equivalent positions: 

(f) 32a. 

Forty-eight equivalent positions: 

(g) 48f . (i) 48a. 
(b)48g. 
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Space-Gbottp 0* (eonUnuei). 

Ninety^nx equivalent poeitioiis: 
Q) xy«; xy«; Xyff; 

yxa; 
ayx; 



2xy; 

x+i y+i, z 
a+i x+J, y 

y+i, «+ii X 

i-Yf i-x, S 
i-x, i-B, y 
J-z, i-y, X 

x+i y, »+J 

a+i X, y+i 
y+i, «, x+i 

i-x, 2, i-y 
i-»i y, i-x 

X, y+i z+J 
z, x4-i, y+i 
y, z+i, x+i 
y, i-x, i~z 
X, i-«, i-y 



2, J-y, J-x 

Space-Gboup O*. 

£t^U equivalent poBitions: 
(a) 8f . (b) 8g. 

Sixteen equivalent positions: 
(c) 16b. (d) 16c. 

Thirty^too equivalent positions: 

(e) 32b. 

Fortff^ht equivalent positions: 

(f) 48c. (g) 48h. 

Nindy-eix equivalent positions: 

(h) xyz; xy5; Xy«; 
zxy; 2xy; gXy; 
yzx; y«x; y2X; 



xy» 

yz3c 

yx5 
x8y 
iyx 
x+J, J-y, 2 

i-«, x+i y 
i-y, i-», X 
y+i, i-x, z 

i-x, z+i, y 

2+i, y+i, X 
x+i, y, i-2 
i-z, X, i-y 

i-y, 2, x+i 

y+i, X, 2+i 

i-x, z, y+i 

«+i, y, i-x 
X, i-y, i-z 
«, x+i, i-y 

y, i-z, x+i 

y, i-x, z+i 

X, 2+i, y+i 
«, y+i. i-x 



*y»; 
rfy; 
y«x; 



i-x, y+i, g 
i-z, i-x, y 

y+i, i-», X 
i-y, x+i, z 
x+i, z+i, y 

a+i, i-y, X 
i-x, y, i-z 

i-z, X, y+i 

y+i, 2, i-x 

i-y, X, z+i 
x+i, z, i-y 

z+i, y, x+i 
X, y+i, i-» 
*, i-x, y+i 
y, i-», i-x 

y, x+i, z+i 

X, z+i, i-y 

«. i-y, x+i 



i-x, i-y, z 
«+i i-x, y 
i-y, »+i, X 
y+i, x+i, i 
x+i, i-z, y 

i-», y+i, X 
i-x, y, z+i 

«+i, X, i-y 
i-y, «, i-x 
y+i, X, i-z 
x+i, i, y+i 
i-z, y, x+i 

X, i-y, z+i 

a, i-x, i-y 
y, «+i, i-x 

y, x+i, i-z 

X, i-z, y+i 

z. y+i. x+i 



i-y, i-x, i-z; y+i, i-x, z+i; i-y, x+i, z+i; 

y+i, x+i, i-z; 
i-x, i-z, i-y; i-x, z+i, y+i; x+i, z+i, i-y; 

x+i, i-z, y+i; 
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Space-Gboxtp 0^ (continued). 

i-«, i-y, i-x; z+J, y+i i-x; z+i, i-y, x+{; 

i-z> y+i, x+i; 
x+J, y+iz; x+J, i-y, 2; i-x, y+J, 2; i-x, J-y, z; 
z+J, x+iy; J-z, x+i y; i-z, J-x, y; z+J, J-x, y; 
y+i, 2+ii x; J-y, i-z, x; y+J, J-z, x; J-y, z+J, X; 
J-y, 1-x, J-z; y+i, i-x, z+i; i-y, x+i, z+i; 

y+i x+i, i-z; 
i-x, i-z, i-y; i-x, z+i, y+i; x+i, z+f J-y; 

x+i, i-z, y+i; 
i-2, i-y, i-x; z+i, y+i, i-x; z+i, i-y, x+i; 

i-z, y+i, x+i; 
x+i, y, z+i; x+i, y, i-z; J-x, y, J-z; i-x, y, z+i; 
2+i, X, y+i; i-z, x, i-y; i-z, x, y+}; z+i, x, i-y; 
y+i, z, x+i; i-y, z, x+i; y+i, z, J-x; i-y, z, i-x; 
i-y, i-x, i-z; y+i, i-x, z+i; i-y, x+i, z+i; 

y+i, x+i, i-z; 
i-x, i-z, i-y; i-x, z+i, y+i; x+i, z+i, i-y; 

x+i, i-z, y+i; 
i-«, i-y, i-x; z+i, y+i, i-x; z+i, i-y, x+i; 

i-2, y+i, x+i; 
X, y+i, z+i; X, i-y, i-z; x, y+i, i-z; X, i-y, z+i; 
z, x+i, y+i; 2, x+i, i-y; z, i-x, y+i; z, i-x, i-y; 
y, z+i, x+i; y, i-z, x+i; y, i-z, i-x; y, z+i, i-x; 
i-y, i-x, i-z; y+i, i-x, z+i; i-y, x+i, z+i; 

y+i, x+i, i-z; 
i-x, i-z, i-y; i-x, z+i, y+i; x+i, z+i, i-y; 

x+i, i-z, y+i; 
i-z, i-y, i-x; z+i, y+i, i-x; z+i, i-y, x+i; 

i-z, y+i, x+i 

Space-Gboxjp 0*. 

Two equivalent positions: 

(a) 2a. 

Six equivalent positions: 

(b) 6e. 

Eight equivalent positions: 

(c) 8e. 

Twelve equivalent positions: 

(d) 12h. (f) 12b. 

(e) 12a. 

Sixteen equivalent positions: 
(g) 16d. 
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t-^nH 



Spacb-Gboup O* ieontmuti). 

Twenty-four equivalent posttioiifl: 

(h) 24j. CO 24k. 

Forty-eighi equivalent pomtions: 

(j) -XY*; jS*; Syf ; 



ray; 
y«; 

Hy; 



fay; 
yto; 

yx»; 

X?y; 



8Xy 
yK 

yxz 

wy 
zyx 



xy«; 

«3ty; 

yrt; 

yrf; 
rfy; 
«yx; 



x+J, y+i «+i; x+i, i-y, j-»; 



«+i x+J, y+J; J-x, x+i J-y; 

y+i «+J, x+§; J-Yf |-«, x+J; 

l-y. I-Xi i-»; y+i i-x. «+i; 

i-x, i-«, i-y; J-x, «+J, y+i; 

i-«, i-y. i-x; «+i y+i i-^; 



i-x, y+l, J-»; 
i-x, i-y. «+i; 

J-«, i-x, y+J; 

«+J, i-x, §-y; 
y+i i-», i-x; 

i-y, »+i J-«; 
J-y. x+i «+i; 

y+i x+i i-«; 

x+i «+i §-y; 

x+i i-». y+i; 
»+i i-y, x+i; 

i-»i y+i x+i 



SpaciMjBOUP 0*. 

Four equivalent positions: 

(a) 4g. (b) 4h. 

Eighi equivalent positiona: 

(c) 8j. 

Twdoe equivalent podtiona: 

(d) 12q. 

Twenty^our equivalent positiona: 

(e) xyz; x+i i-y, 8; *, y+i J-a; J-x, y, a+J; 

«y; *. x+i j-y; i-«. *. y+l; «+i i-x. y; 

yax; f-y, «, x+J; y+i i-«, X; y, a+i i-x; 

i-y. l-Xi l-«; y+i f-x, «+l; 1-y. x+i «+l; 

y+i x+i l-a; 
J-x, J-a, J-y; J-x, a+i y+J; x+J, z+i i-y; 

x+i }-a, y+J; 
i-«. i-y, i-x; a+i, y+i i-x; a+i i-y, x+i; 

i-», y+i x+i 

It ia evident that a auitabk traoafonnation would simplify the two unique 
cases. 
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Spacb-Gboup 0^. 

Four equivalent positions: 

(a) 4i. (b) 4j. 

EigH equivalent positions: 

(c) 8k. 

Twelve equivalent positions: 

(d) 12r. 

TtoerUy-four equivalent positions: 

(e) xys; x+i J-y, z; X, y+J, J-z; §-x, y, z+J; 
zxy; z, x+J, i-y; J-z, S, y+i; z+i, i-x, y; 
yzx; i-y, 2, x+J; y+J, J-z, X; y, z+i, i-x; 
i-y, i-x, i-z; y+i, i-x, z+f; J-y, x+f, z+i; 

y+i x+1, }-z; 
i-x, 1-z, 1-y; i-x, z+i, y+i; x+i, z+i, i-y; 

x+i, i-z, y+i; 
i-a, i-yi i-x; z+i, y+i, i-x; z+i, i-y, z+i; 

i-«, y+i 3t+i. 
Space-Gboup O*. 

Eight equivalent positions: 

(a) 81. (b) 8m. 

Twelve equivalent positions: 

(c) 12b. (d) 121. 

Sixteen equivalent positions : 

(e) 16g. 

TxvefUy-faur equivalent positions: 

(f) 241. (g) 24m. (h) 24n. 

Forty-^kt equivalent positions: 

(i) xyz; x, y, J-z; J-x, y, z; x, i-y, z; 
2xy; i-z, X, y; g, J-x, y; z, x, i-y; 
yzx; y, i-z, x; y, §, i-x; i-y, z, X; 
i-y, i-x, i-z; y+i, i-x, z+i; i-y, x+i, z+i; 

y+i x+i i-z 
i-x, i-z, i-y; i-x, z+i y+i; x+i z+i i-y; 

x+i i-s, y+i 
i-«, i-y, i-x; z+i y+i i-x; z+i, i-y, x+i; 

i-z, y+i, x+i 
x+i, y+i, z+i; x+i, i-y, z; x, y+i i-z; 

i-x, y, z+i 
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z+i xrf i, y+i; 8, x+J, i-y; J~«, x, y+J; 

y+i, 2+i, x+i; i-y, «, x+J; y+j, i-«, s; 

l-y, 1-x, 1-a; y+i 1-x, «+i; f-y, x+i, »+!; 

y+i, x+i, i-«; 

l-x, i-«, i-y; f-x, z+i y+f; x+i, z+i }-y; 

x+i, 1-z, y+i; 
i-z, i-y, i-x; z+i, y+i, i-x; z+1, 1-y, x+i; 

1"«, y+i, x+i 





] 


B. HOLOUEDRY. 


Bpacd-Gboup Ok. 








One equivalent podtion: 






(a) la. 


(b) 


lb. 




Three equivalent poaitionB: 




(e) 3a. 


(d) 3b. 




Six equivalent podtiona: 


t 




(e) 6a. 


(f) 


6d. 




Eight equivalent podtions: 




(g) 8c. 








Tioefoe equivalent podtions: 




(h) 12f. 


a) 


12n. 




(i) 12m. 








Tweniy-four equivalent podtions: 




(k) 24o. 


(m 


i)24q. 




a) 24p. 








Forty-eight equivalent podtions: 




(n) xyz; 


xy8; 


xy«; 


xy»; 


axy; 


2xy; 


Ky; 


*xy; 


yjut; 


y25t; 


y«; 


yrt; 


ys2; 


ySz; 


yjM; 


yx3; 


xgy; 


Xay; 


xay; 


xSy; 


2ys; 


*yx; 


«yx; 


8yx; 


xy2; 


sy*; 


xy«j 


xy2; 


«xy; 


rty; 


B^; 


2xy; 


yK; 


yzX; 


yra; 


yfe; 


yxz; 


y^; 


y«; 


y*«; 


JBy; 


xsy; 


X2y; 


x«y; 


«yx; 


ayx; 


«yX; 


^; 
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Space Gboxtp 02. 

Two equivalent positions: 

(a) 2a. 

Six equivalent positions: 

(b) 6e. 

Eight equivalent positions: 

(c) 8e. 

Twdve equivalent positions: 

(d) 12b. (e) 12a. 
Sixteen equivalent positions: 

(f) 16d. 

Twenty-foyr equivalent positions: 

(g) 24f. (b)24i. 

Forty-eight equivalent positions: 

(i) xyz; xyz; xy2; xyz; 
zxy; zxy; zxy; zsy; 
yzx; yzx; y8X; yasx; 
yia; yxz; yxz; yx2; 
XSy; X«y; xzy; xiy; 
gyX; ayX; zyx; 2yx; 
J-x, i-y, J-z; i-x, y+J, z+4; x+J, J-y, z+J; 

x+J, y+l, i-z 
i-z, i-x, i-y; z+J, i-x, y+J; z+J, x+i, J-y; 

i-z, x+i, y+i 
J-y, J-z, J-x; y+J, z+J, J-x; J-y, z+i, x+i; 

y+i J-z, x+i 
y+i, x+J, z+J; i-y, x+i i-z; y+i, J-x, J-z; 

i-y, l-x, z+i 

x+i z+i y+i; x+i J-z, J-y; J-x, i-z, y+i; 

J-x, z+i 
«+i y+i x+J; §-z, §-y, x+J; |-z, y+i, J-x 



Spacb-Gboup Ob. 

Ttoo equivalent positions: 

(a) 2a. 

Six equivalent positions: 

(b) 6e. (c) 6f. (d) 6g. 

Eight equivalent positions: 
(e) 8e. 



i-y: 
2+i, i-y, i-x. 
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Spa<»-Gboup of (confenuei). 






Ttodee equivalent podtiona: 






(f) 12a. (g) 12i. 


(h) 12j. 




Sixteen equivalent podtionB: 






(i) 16d. 






Ttoenty-four equivalent positionfi: 






Q) 248. (k) 24r. 






Forty^hi equivalent poationA: 






(1) xyz; xy2; XyJ; 


*y«; 




nty; Sxy; «y; 


«xy; 




ync; y8x; ySX; 


y«x; 




i-y, i-x, §-«; y+i 


i-x, »+i; 


l-y, x+i z+i; 
y+i, x+i, i-z; 


i-x, l-a, i-y; i-x, 


a+i y+i; 


x+i, a+§, i-y; 
x+i J-«, y+J; 


i-a, J-y, i-x; z+J, 


y+i i-x; 


»+i. l-y, x+i; 
i-«, y+i x+J; 


31^; 3tys; :^z; 


iqrS; 




Bty; sXy; Z3^; 


8xy; 




y*X; y«X; yzx; 


y«x; 




y+i x+i z+J; i-y, 


x+i J-«; 


y+i i-x, i-z; 
i-y. i-x, z+J; 


x+i z+i y+i; x+i 


i-», i-y; 


i-x, J-z, y+i; 
i-x, z+i i-y; 


«+i, y+i x+i; i-», 


i-y, x+j; 


i-*i y+i. i-x; 
»+i i-y. i-x. 



Spacb-Gboup OJ. 

Two equivalent positions: 

(a) 2a. 

Four equivalent positions: 

(b) 4d. (c) 4e. 
Six equivalent positions: 

(d) 6e. 

Eight equivalent positions: 

(e) 8d. 

Twelve equivalent positions: 

(f) 12h. (g) 12a. 
Twenty 'four equivalent positions: 

(h) 24f. (i) 24t. a) 24u. 
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Spacb-Gboitp 0£ {continued). 




Forty^ht equivalent podtions: 




(k) xyz; xyz; xyg; xyz; 




zxy; 2xy; 2Xy; zx^; 




yzx; yzx; yzx; yzx; 




i-y, i-x, i-z; y+J, i-x, z+l; 


i-y. x+J, z+J; 




y+i, x+l, J-z; 


i-x, i-z, i-y; J-x, z+i, y+i; 


x+i, z+i, i-y; 




x+i i-z, y+i; 


i-z, J-y, i-x; z+i y+i, i-x; 


; «+i i-y, x+i; 




i-2, y+i, x+i; 


i-x, J-y, i-z; i-x, y+i, z+i; 


x+i, i-y, z+J; 




x+J, y+i i-z; 


J-z, l-x, i-y; z+i, i-x, y+ii 


; 2+i, x+J, J-y; 




J-z, x+J, y+J; 


i-y, i-z, i-x; y+i, z+i, i-x; 


; i-y, z+j, x+i; 




y+i, i-z, x+i; 


yxz; yxz; yxz; yxz; 




xzy; xSy; Szy; xzy; 




zyx; zyx; zyX; zyx. 





Spacb-Gboup 0^ 

Four equivalent positions: 
(a) 4b. (b) 4c. 

Eight equivalent positions: 

(c) 8e. 

Twenty-four equivalent positions: 

(d) 24c. (e) 24a. 

Tkirty^wo equivalent positions: 

(f) 32a. 

Foriy-^ht equivalent positions: 

(g) 48a, (h) 48f . (i) 48g. 

Ninety-six equivalent positions: 

(]) 96a. (k) geb. 

One hundred ninety-two equivalent positions: 

G) xyz; xyg; Xyz; xyz; 

zxy; zxy; zXy; zxy; 

yzx; yzx; yfS; yzX; 

yXz; yXz; yxz; yxz; 

xzy; Xzy; xzy; xzy; 

zyX; zyS; zyx; 2yx; 

xyg; Xyz; xyz; xyz; 

zXy; zXy; zxy; 2xy; 
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Spacb-Group Oh (oonltnuad). 

yax; yzx; 

yx«; yxa; 

xay; xzy; 

zyx; zyx; 

x+J, y+i, z 

z+i, x+J, y 
y+i, z+J, X 
i-y, i-x, z 
i-x, i-z, y 

i-«, i-y, X 

i-x, J-y, z 
i-z, J-x, y 
i-y,i-z, X 

y+i x+i, z 
x+i, z+J, y 
z+i y+i X 
x+i, y, z+i 

z+i, X, y+i 
y+i, z, x+J 

i-y, X, i-z 

i-x, z, i-y 
i-z, y, i-x 
i-x, y, i-z 
i-z, X, i-y 

i-y, z, i-x 

y+i. X, z+i 
x+i, z, y+i 

z+i, y, x+i 
X, y+i, z+i 
z, x+i, y+i 

y, z+i, x+i 

y, i-x, i-z 

X, i-z, i-y 

z, i-y, i~x 
X, i-y, i-z 
z, i-x, i-y 
y, i-z, i-x 

y, x+i, z+i 
X, z+i, y+i 

z, y+i, x+i 



y«x; 
y5a; 

s«y; 

zyx; 



yix 
yscz 

xzy 

zyt 



x+i, i-y, 2 
i-z, x+i, y 

i-y, i-z, X 
y+i, i-x, z 

i-x, z+i, y 
z+i, y+i, X 

i-x, y+i, z 

z+i, i-x, y 

y+ii z+i, X 
i-y, x+i, z 
x+i, i-z, y 
i-z, i-y, X 
x+i, y, i-z 

i-z, X, i-y 
i-y, z, x+i 
y+i, X, z+i 
i-x, z, y+i 

z+i, y, i-x 

i-x, y, z+i 
z+i, X, y+i 

y+i, z, i-x 
i-y, X, i-z 
x+i, z, i-y 

i-z, y, x+i 
X, i-y, i-z 
z, x+i, i-y 

y, i-z, x+i 

y, i-x, z+i 
X, z+i, y+i 
z, y+i, i-x 

X, y+i, z+i 
z, i-x, y+i 
y, z+i, i-x 

y, x+i, i-z 

X, i-z, i-y 

2, i-y, x+i 



i-x, y+i, z 

i-z, i-x, y 

y+i, i-z, X 
i-y, x+i, z 
x+i, z+i, y 
z+i, i-y, X 
x+i, i-y, z 
z+i, x+i, s 
i-y, z+i, X 
y+i, i-x, z 

i-x, i-z, y 

i-z, y+i, X 
i-x, y, i-z 
i-z, X, y+i 
y+i, «, i-x 

i-y, X, z+i 
x+i, z, i-y 

z+i, y, x+i 
x+i, y, z+i 

z+i, X, i-y 
i-y, z, x+i 

y+i, X, i-z 

i-x, z, y+i 

i-z, y, i-x 
X, y+i, i-z 
z, i-x, y+i 

y, i-z, i-x 
y, x+i, z+i 

X, z+i, i-y 

z, i-y, x+i 
X, i-y, z+i 
z, x+i, i-y 
y, z+i, x+i 
y, i-x, i-z 

X, i-z, y+i 

z, y+i, i-x 



i-x, i-y, z 
z+i, i-x, y 

i-y, z+i, x; 

y+i, x+i, z 

x+i, i-z, y; 

i-z, y+i, xi 
x+i, y+i, zj 

i-z, x+i, y; 

y+i, i-z, x; 
i-y, i-x, z; 

i-x, z+i, y; 

z+i, i-y, Xi 
i-x, y, z+i, 

z+i, X, i-y; 

i-y, z, i-x; 

y+i, X, i-z; 
x+i, z, y+ii 
i-z,y, x+ii 

x+i, y, i-zi 

i-z, X, y+ii 
y+i, z, x+ii 
i-y, X, z+ii 
i-x, z, i-y; 
i-z, y, i-x; 

X, i-y, z+ii 

z, i-x, i-y; 
y, z+i, i-x; 

y, x+i, i-z; 

X, i-z, y+ii 

z, y+i, x+ii 
X, y+i, i-z; 

2, x+i, y+ii 
y, i-z, x+i 

y, i-x, z+ii 

X, z+i, i-y; 

z, i-y, i-x. 



Space-Group OJ. 

Eight equivalent positions: 

(a) 8i. (b) 8e. 

Twenty-four equivalent positions: 

(c) 24c. (d) 24h. 
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Spacb-Group Oh (eonHnued). 

Forty-eight equivalent positions: 

(e) 48a. (f) 48e. 

Sixty-four equivalent positions: 

(g) 64a. 
Ninety-six equivalent positions: 

(h) 96c. (i) 96d. 

One hundred ninety4wo equivalent positions: 



(i) xya; 


xy2; 


xy»; 


xyz; 


axy; 


w^; 


Ky; 


zxy; 


y«; 


^x; 


y«; 


yzX; 


yx2; 


yS«; 


yxs; 


yxa; 


m; 


*2y; 


xzy; 


xzy; 


2yx; 


«yt; 


ayx; 


zyx; 



i-x, i-y, J-z; J-x, y+i, z+J; x+i J-y, z+i; 

30+i y+i i-z; 
i-z, i-x, i-y; z+i i-x, y+J; z+i, x+i, i-y; 

i-z, x+i, y+J; 
J-y, i-z, J-x; y+i, z+i J-x; J-y, z+§, x+i; 

y+i i-z, x+i; 
y+J, x+l, z+J; J-y, x+J, J-z; y+i J-x, J-z; 

i-y, i-x, z+J; 
x+i, z+i, y+i; x+J, l-z, |-y; J-x, J-z, y+J; 

i-x, z+J, i-y; 
«+i, y+i x+l; i-z, J-y, x+J; J-z, y+J, J-x; 

z+i i-y, i-x 
i-x, y+J, 2; i-x, J-y, z 
i-z, i-x, y; z+i, i-x, y 
y+i, i-«, X; i-y, z+i, X 
i-yi 3?+i, z; y+i, x+i, z 

x+i ^+i,y; x+i, i-z, y 

z+i, i-y, x; i-z, y+i, X 
X, y, z+i; X, y, i-z; 



x+i, y+i, z; x+i, i-y, 2 

z+i, x+i, y; i-z, x+i, y 

y+i, z+i, x; i-y, i-z, x 

i-y, i-x, z; y+i, i-x, z 

i-x, i-z, S; i-x, z+i, y 

i-z, i-y, X; z+i, y+i, X 



X, ?f i-z; 
z, X, i-y; 
?f z, i-x; 
y, X, z+i; 
X, z, y+i; 
z, y, x+i; 



X, y, z+i; 
z, S, y+i; 
y, z, i-x; 
y, X, i-z; 

X, z, i-y; 

2, y, x+i; 



z, X, i-y; 
y, z, x+i; 
y, X, i-z; 

X, 2, y+i; 
2, y, i-x; 



x+i, y, z+i; x+i, y, i-z; i-x, y, i- 



z, X, y+i; 
y, 2, x+i; 
y, X, z+i; 
X, z, i-y; 
z, y, i-x; 
i-x, y, z+i; 



z+i, X, y+i; i-z, x, i-y; i-z, X, y+i; z+i, X, i-y; 

y+i, z, x+i; i-y, 2, x+i; y+i, 2, i-x; i-y, z, i-x; 

i-y, X, i-z; y+i, X, z+i; i-y, x, z+i; y+i, x, i-z; 

i-x, 2, i-y; i-x, z, y+i; x+i, z, i-y; x+i, 2, y+i; 

i-z, y, i-x; z+i, y, i-x; z+i, y, x+i; i-z, y, x+i; 
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y, 2+i X; 

y, x+J, z; 
X, i-z, y; 
z, i-y, x; 

X, l-y, i-z 

z, x+J, J-y 
y, i-z, x+J 
y, i-x, z+J 
X, z+i, y+i 

z, y+i, i-x 
i-x, y, z 

z+i, X, y 

y+i z, X 
i-y, X, z 
x+i, z, y 
i-z, y, X 



Space-Group OS (continued). 

X, i-y, z; 
z, i-x, y; 
y, i-z, x; 
y, x+i, z; 
X, z+i, y; 
z, y+l, x; 
X, y+J, z+i 
z, x+i, y+J 
y, 2+J, x+J 

y, J~x, i-z 

X, i-z, J-y 

2, i-y, i-x 

i-x, y, z; 
i-z, X, y; 
i-yi z, x; 
y+i, X, z; 

x+i, z, y; 

z+i, y, x; 
Space-Group OJ. 

^i^A^ equivalent positions: 
(a) 8f. (b) 8g. 

Sixteen equivalent positions: 

(c) 16b. (d) 16c. 

Thiriy'two equivalent positions : 

(e) 32b. 

Forty^gJU equivalent positions: 

(f) 48c. 

Ninety-six equivalent positions: 

(g) 96e. (h) 96f. 

One hundred ninety-two equivalent positions: 

(i) xyz; xyz; xyz; xyz; 
zxy; zxy; zxy; zxy; 
yzx; y2x; y2X; yzX; 
i-y, i-x, i-z; y+i, i-x, z+i; 



X, i-y, z; 
z, x+i, y; 
y, z+i, x; 

y, i-x, z; 

X, i-z, y; 

z, y+i, X; 
X, y+i, i-z 

z, i-x, y+i 

y, i-z, i-x 

y, x+i, z+i 
X, z+i, i-y 

z, i-y, x+i 
x+i, y, z; 

z+i, X, f; 

i-y, z, x; 
y+i, X, z; 

i-x, z, y; 
i-z, y, x; 



X, y+i, z; 
z, x+i, y; 
y, i-z, x; 
y, i-x, z; 
X, z+i, y; 

z, i-y, X; 
X, i-y, z+i; 
z, i-x, i-y; 
y, z+i, i-x; 

y, x+i, i-z; 

X, i-z, y+i; 

z, y+i, x+i; 
x+i, y, z; 

i-z, X, y; 
y+i, z, x; 

i-y, X, z; 
i-x, z, y; 

z+i, y, X. 



i-x, J-z, i-y; 
i-z, i-y, i-x; 
i-x, i-y, i-z; 



i-x, z+i, y+i; 

z+i, y+i, i-x; 
i-x, y+i, z+i; 



i-y, x+i, z+i; 

y+i, x+i, i-z; 
x+i, z+i, i-y; 
x+i, i-z, y+i; 

z+i, i-y, x+i; 

i-z, y+i, x+i; 
x+i, i-y, z+i; 
x+i, y+i, i-z; 
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SpAOfr-GBOTTP Oh {conHnued) 

i-z, J-x, J 



-y; 2+i i-x, y+i; 

i-y, i-2, i-x; y+i, z+i, i-x; 



z+i x+i, i-y; 

i-z, x+i, y+i; 
i-y, z+i, x+i; 

y+ii i-«i x+i; 



yxz; yxz; 
xzy; xzy; 
zyx; zj^; 
x+i, y+i, z; 
z+i, x+i, y; 

y+i, z+i, x; 
1-y, }-x, i-z 



yxz; yxz; 

Xzy; !^; 
2yx; zyX; 

x+i, i-y, 2; 
i-z, x+i, y; 
i-y, i-z, x; 

y+i i-x. 



i-x, i-z, i-y 
1-z, i-y, i-x 
I-x, i-y, i-z 
i-z, i-x, i-y 



i-y, i-z, i-x 



i-x, z+i, 

z+i, y+i. 

i-x, y+i, 
z+i, i-x, 

y+i, z+i, 



y+i, x+i, z; 
x+i, z+i, y; 
z+i, y+i, x; 
x+i, y, z+i; 
z+i, X, y+i; 
y+i, z, x+i; 

i-y, i-x, i-z 



i-y, x+i, 2; 

x+i, i-z, y; 
i-z, i-y, x; 
x+i, y, i-z; 
i-z, X, i-y; 

i-y, 2, x+i; 



i-x, y+i, z; i-x, i-y, z 
i-z, i-x, y; z+i, i-x, y 

y+i, J-z,x; i-y, z+i, X 
z+i; i-y, x+i, z+i; 

y+i, x+i, i-z 
y+i; x+i, z+i, i-y; 

x+i, i-z, y+i 
i-x; z+i, i-y, x+i; 

i-z, y+i, x+i 
z+i; x+i, i-y, z+i; 

x+i, y+i, i-z 
y+i; z+i, x+i, i-y; 

i-z, x+i, y+i 
i-x; i-y, z+i, x+i; 

y+i, i-z, x+i 

i-y, i-x, z 



y+i, i-x, 2 

i-x, i-z, y 

i-z, y+i, X 
i-x, y, i-z 

i-z, X, y+i 

y+i, 2, i-x 



i-x, z+i, y 

z+i, i-y, X 
i-x, y, z+i 

z+i; X, i-y 

i-y, z, i-x 



i-x, i-z, i-y 
i-z, i-y, i-x 
i-x, i-y, i-z 
i-z, i-x, i-y 



i-y, i-z, i-x 



y+i, X, z+i; 
x+i, z, y+i; 
z+i, y, x+i; 
X, y+i, z+i; 
z, x+i, y+i; 



y+i, i-x, z+i; i-y, x+i, z+i; 

y+i, x+i, i-z 

i-x, z+i, y+i; x+i, z+i, i-y; 

x+i, i-z, y+i 
z+i, y+i, i-x; z+i, i-y, x+i; 

i-z, y+i, x+i 
i-x, y+i, z+i; x+i, i-y, z+i; 

x+i, y+i, i-z 
z+i, i-x, y+i; z+i, x+i, i-y; 

i-z, x+i, y+i 
y+i, z+i, i-x; i-y, z+i, x+i; 

y+i, i-z, x+i 
i-y, X, z+i 



i-y, X, i-z 
x+i, 2, i-y 

i-z, y, x+i 
X, i-y, i-z 

2, x+i, i-y 



y+i, X, i-z 

i-x, 2, y+i 

i-z, y, i-x 
X, y+i, i-z 
2, i-x, y+i 



i-x, z, i-y 

z+i, y, i-x 
X, i-y, z+i 
z, i-x, i-y 
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Spacb-Gbottp Oi {conHnvei). 

y, a+i x+i; y, §-«, x+J; y, i-«, i-x; y, ■+i,l-x; 

i-y, x+i »+i; 
y+l, x+i i-«; 



i-y, l-x, l-« 
i-x, l-», 1-y 
i-2, i-y, i-x 



i-x, i-y, i-« 
i-«, i-x, i-y 
i-y, i-», i-x 



y+i, i-x, «+i 
i-x, «+i, y+i 

«+i, y+i, i-x 
i-x, y+i, 2+i 
»+i, i-x, y+i 
y+i, «+i. i-x 



x+i, «+i, i-y; 

x+i, i-«, y+i; 
2+i, i-y, x+i; 

i-», y+i, x+i; 

x+i, i-y, »+i; 

j?+i, y+i, i-«; 
»+i, x+i, i-y; 

i-», x+i, y+i; 
i-y, »+i, x+i; 



y, x+i a+i; y 
X, a+§, y+i; X 
«, y+i x+J; i 

Spacb-Gboup OS. 

Sixteen equivalent positions: 

(a) 16h. 

Thirty-liwo equivalent positions: 

(b) 32d. (c) 32e. 
Forty-eigld equivalent positions: 

(d) 48i. 

Sixty-four equivalent positions: 

(e) 64b. 

Ninetff-tix equivalent positions: 

(f) 96g. (g) 96h. 

One hundred ninety-two equivalent positions: 

(h) xyz; ay?; 3cy2; xya; 
zxy; Sxy; ifty; xStf; 
yzx; y2x; y«X; ysX; 

y+i, i-x, a+i 



y+i i-«, x+i; 

x+i i-a; y, J-x, i-a; y, J-x, a+J; 
i-z, J-y; X, J-a, y+§; S, a+i i— y; 
I-y, x+J; 2, y+iJ-x; a, i-y, i— x. 



i-y, i-x, i-a 
i-x, i-a, i-y 

i-», i-y, i-x 

i-x, i-y, i-a 
J -a, i-x, i-y 



i-x, z+i y+i 

2+i y+i i-x 
i-x, y+i a+i 
2+i i-x, y+i 



i-y, x+i a+i; 

y+i x+i i-z; 
x+i z+i i-y; 

x+i i-a, y+i; 

a+i i-y, x+i; 

i-«, y+i x+i; 
x+i i-y, a+i; 

x+i y+i i-s; 

s!+i x+i i-y; 
i-a, x+i y+i; 
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Spagb-Group C{ {eonUnv/ed). 

i-y, i-^f 1-x; y+i z+i }-x; f-y, «+i x+f; 

y+i i-z, x+i 
y+i, x+i z+i; J-y, x+J, J-z; y+J, J-x, i-z; 

i-y, i-x, z+i 
x+i, 2+i y+i; x+i, i-z, i-y; i-x, i-z, y+i; 

i-x, z+i, i-y 
»+i, y+i, x+i; i-z, i-y, x+i; i-z, y+i, i-x; 

z+i, i-y, i-x 

x+i, y+i, z; x+i, i-y, z; i-x, y+i, 2; i-x, i-y, z; 
z+i, x+i, y; i-z, x+i, y; i-z, i-x, y; z+i, i-x, y; 
y+i, z+i, x; i-y, i-z, x; y+i, i-z, X; i-y, z+i, x; 

}-y, x+i z+i; 

y+i x+i i-z; 
x+i z+i i-y; 

x+i i-z, y+J; 
z+i i-y, x+i; 

i-z, y+i x+i; 
x+i, i-y, z+i; 

x+i y+i, i-z; 
z+i x+i, i-y; 

i-z, x+i, y+i; 
i-y, z+i x+i; 

y+i i-z, x+i; 
X, i-z; y, S, i-z; y, S, z+i; 

z, i-y; ^f z, y+i; x, z, i-y; 

y, x+i; z, y, i-x; z, y, i-x; 
x+i, y, z+i; x+i, y, i-z; i-x, y, i-z; i-x, y, z+i; 
z+i, X, y+i; i-z, X, i-y; i-z, X, y+i; z+i, X, i-y; 
y+i, z, x+i; i-y, 2, x+i; y+i, z, i-x; i-y, z, i-x; 

i-y, x+i z+i 

y+i, x+i 

x+i z+i i-y 

• x+i i-z, 

z+i i-y, x+i 

i-z, y+i 

x+i i-y, z+i 

x+i y+i 

z+i x+i i-y 

i-z, x+i 

i-y, z+i x+i 

y+i i-z, x+i 
y, x+i, z; y, x+i, z; y, i-x, fi; y, i-x, z; 
X, z+i, y; X, i-z, y; X, i-z, y; X, z+i, y; 
z, y+i, x; z, i-y, x; z, y+i, X; z, i-y, x; 
X, y+i z+i; X, i-y, i-z; X, y+i i-z; X, i-y, z+i; 



i-y, i-x, i-z 
i-x, i-z, i-y 
i-z, i-y, i-x 
i-x, i-y, i-z 
i-z, i-x, i-y 

i-y, i-z, i-x 



y, X, z+i; 
X, z, y+i; 
z, y, x+i; 



y 

X 



y+i i-x, z+i 

i-x, z+i y+i 

z+i y+i i-x 
i-x, y+i z+i 
z+i i-x, y+i 
y+i z+i i-x 



i-y, i-x, i-z; y+i i-x, z+i 
i-x, i-z, i-y; i-x, z+i y+i 
i-z, i-y, i-x; z+i y+i i-x 
i-x, i-y, i-z; i-x, y+i z+i 
i-z, i-x, i-y; z+i i-x, y+i 
i-y, i-z, i-x; y+i z+i i-x 



i-z 

y+i 
x+i 
i-z 

y+i 
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Spacs-Gboup QS (continued). 



2, x+i y+i; 2, x+iJ-y; 8, i-x 


:,y+i; «, i-x, i-y; 


y, s+ix+J; y, J-a, x+i; y, J-i 


i, i-x; y, «+i, i-x; 


i-y, l-x, l-z; y+J, i-x, «+}; 


i-y, x+i, z+i; 




y+i. x+i, i-z; 


i-x, }-z, }-y; i-x, a+i y+}; 


x+i, «+i, i-y; 




x+i, i-z. y+l; 


i-», I-y, l-3t; a+J, y+i f-x; 


«+i, i-y, x+i; 




i-z, y+i x+i; 


i-x, i-y, i-J6; i-x, y+i, z+i; 


x+i, i-y, z+i; 




x+i, y+i, i-z; 


i-z, i-x, i-y; z+i, i-x, y+i; 


«+i, x+i, i-y; 




i-«, x+i, y+i; 


i-y, i-z, i-x; y+i, z+i, i-x; 


i-y, »+i, x+i; 




y+i i-». x+i; 


y+i, X, z; i-y, x, S; y+§, X, 2; 


i-y, X, «; 


x+i, «, y; x+i, 8, y; i-x, 2, y; 


i-x, z, y; 


z+i, y, x; i-z, y, x; J-z, y, X; 


»+i, y, ». 


Spacb-Gboup Oh. 




Two equivalent poatioDB: 




(a) 2a. 




Six equivalent podtions: 




(b) 6e. 




Eight equivalent positions: 




(c) 8e. 




Txoebe equivalent positions: 




(d) 12h. (e) 12a. 




Sixteen equivalent positions: 




(f) 16d. 




Twenty-four equivalent positions: 




(g) 24f. (h) 24j. 




Forty-eight equivalent positions: 




(i) 481. Q) 4Sj. (k) 48k. 




Nineby-tix equivalent positions: 




(1) xyz; xy2; ^; xyz; 




zxy; fc^; 2Xy; zJ^; 




yzx; y2x; y2S; yzR; 




yx2; yXz; yxz; yx2; 




5Sy; Xzy; xzy; 3^; 
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Space-Group Qh (ctmHnued). 

2yX; zyX; zjhc; §yx; 

xyf; Xyz; xyz; xjrz; 

zxy; rity; ray; zxy; 

y»; yA; fa; yfx; 

yxz; yx2; yXS; yxz; 

xzy; xSy; Xzy; ^; 

zyx; gyx; iyX; zyx; 

x+i, y+i z+i; x+i J-y, J-z 



Spacb-Gboup fc . 



z+J, x+J, y+i 
y+i »+ii x+J 
i-y, i-x, i-z 
i-x, i-z, i-y 

i-z, J-y, i-x 
J-x, i-y, J-z 
i-z, J-x, i-y 
i-y, i-z, J-x 
y+i, x+J, z+J 
x+i Z+J, y+i 
z+i, y+i x+J 

10 



i-z, X+I, i-y 

i-y> i-2> x+f 
y+i i-x, z+i 

i-x, z+i y+J 

a+i y+i i-x 

i-x, y+i z+J 
z+J, J-x, y+J 
y+J, Z+J, J-x 

J-y, x+j, j-z 

x+J, J-z, J-y 
J-z, J-y, x+J 



Sixteen equivalent positioius: 
(a) 16h. (b) 16i. 

TiDenty-Sow equivalent positions: 
(c) 24v. (d) 24w. 

ThirtyAwo equivalent positions: 

(e) 32f. 

Fcrty^Jd equivalent positions: 

(f) 48m. (g) 48n. 



J-x, y+J, J-z; 

J-x, J-y, z+J; 
J-z, J-x, y+J; 

z+J, J-x, J-y; 
y+J, J-z, J-x; 

J-y, Z+J, J-x; 
J-y, x+J, z+J; 

y+J, X+J, J-z; 
*+J, z+J, J-y; 

x+J, J-z, y+J; 
z+J, J-y, x+J; 

J-z, y+J, x+J; 
x+J, J-y, z+J; 

x+J, y+J, J-z; 
z+J, x+J, J-y; 

J-z, X5+J, y+J; 
J-y, z+J, x+J; 

y+J, J-z, x+J; 
y+J, J-x, J-z; 

J-y, J-x, z+J; 
J-x, J-z, y+J; 

J-x, z+J, J-y; 
i-z, y+J, J-x; 

z+J, J-y, J-x. 
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Spacb-Gboitp O^t (fiontinued). 

Nituty-tix equivalent podttooa: 

(h) xy»; X, y, J-«; J-x, y, «; X, J-y, ■; 

«y; 1-2, X, y; «, i-x, y; ». Xi l-y; 

y«; y. |-«. x; y, «, i-x; i-y, a, »; 

i-y. i-x, i-«; y+i i-x, «+}; J-y, x+i »+i; 

y+i 3s+i, i-»; 

i-x, i-», l-y; i-x, «+}, y+i; x+f, »+i, i-y; 

x+i, i-«, y+i; 

i-», i-y, i-x; B+i y+i, i-x; «+i, i-y, x+i; 

i-«, y+i x+i; 

xyS; X, y, »+i; x+i, y, »; X, y+i, i; 
fxy; a+i, S, y; a, x+J, y; «, x, y+i; 
yaX; y, a+i X; y, a, x+i; y+i, «, x; 
y+i, x+i, a+i; i-y, x+i, f-a; y+i, }-x, i-a; 

i-y, i-x, a+i 

x+i, a+i, y+i; x+i, f-a, i-y; f-x, i-a, y+i; 

i-x, a+i, }-y 
«+i, y+i, x+i; 1-a, i-y, x+i; i-a, y+i, f-x; 



x+i, y+i, »+i; x+i, i-y, J; 

»+i, x+i, y+i; «, x+i, i-y; 

y+i, »-l^i, x+i; i-y, «, x+i; 

i-y, 



»+i, i-y. i-x 

*, y+i, i-*; 

i-x, y, a+i 

i-a, X, y+i; 

■+i, i-x, y 
y+i, i-*, *; 



i-x. 

i-«. 

i-x, 

i-», 
i-y, 



— X, 



—a, 



-y, 
-y, 

— X. 



y, «+i. i-x 

-«; y+i, i-x, a+i; f-y, x+i, a+i; 



y+i, x+i, i-a 

-y; i-x, a+i, y+i; x+i, a+i, i-y; 

x+i, i-«, y+i 

-x; a+i, y+i, i-x; a+i, i-y, x+i; 



-*', i-x, y+i, a; 

-y; », i-x, y+i; 
-x; y+i, a, i-x; 



i-», y+i, x+i 

X, i-y, a+i; 

x+i, y, i-a 
*+i, X, i-y; 

i-«, x+i, y 
-«, i-x; y+*, a, f-x; i-y, a+i, x; 

y, i-a, x+i 
y+i. x+i, a+i; i-y, x+i, i-a; y+i, i-x, i-a; 

i-y, i-x. a+i 
x+i, a+i, y+i; x+i, i-a, i-y; i-x, i-a, y+i; 

i-x, a+i, i-y 
«+i, y+i, x+i; i-a, i-y, x+i; i-a, y+i, i-x; 

«+i, i-y, i-x. 
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HEXAGONAL SYSTEM. 

RHOMBOHEDRAL DIVISION. 

A. TETARTOHEDRY. 

' 7 ? Spacs-Gboup CJ. — (Hexagonal Axes.) 
On^ equivalent pofiition: 

(a)00u. (b)liu. (c)Hu. 

TAree equivalent positions: 

(d) xyz; y-x, X, «; y, x-y, z. 
Space-Gboup Cg. — (Hexagonal Axes.) 
TAree equivalent positions: 

(a) xyz; y-x, X, z+J; y, x-y, z+f. 
Spacb-Gboup C}. — (Hexagonal Axes.) 
Thru equivalent positions: 

(a) xyz; y-x, x, z+f ; y, x-y, z+J. 
Spacb-Gboup Cg. — (Rhombohedral Axes.) 
One equivalent position: 

(a) uuu. 

Thru equivalent positions: 

(b) xyz; zxy; yzx. 

B. HEXAGONAL TETARTOHEDRY OF THE SECOND SORT. 

Spacb-Gbovp Cji. — (Hexagonal Axes.) 
On6 equivalent position : 

(a) 000. (b)00i 

T\DO equivalent positions: 

(c) OOu; OOa. (d) Jlu; HQ. 
Three equivalent positions: 

(e)iH; OH; ioi. (f) HO; ojo; ioo. 

Six equivalent positions: 

(g) xyz; y-x, X, z; y, x-y, z; 
Syg; x-y, X, 2; y, y-x, 2. 

Spacio-Gboitp CJi. — (Rhombohedral Axes.) 

One equivalent position: 

(a) 000. (b)Hi. 
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Space-Gboup Cal (eanUnued). 
Two equivalent poeitioDs: 

(c) uuu; tltltl. 
Three equivalent positions: 

(d)00}; }00; 0}0. (e) HO; OH; ^Of 

Six equivalent podtions: 

(f) xyz; Bxy; yax; xyf; wy; ySX. 

C. HEMIMORPHIC riEMIHEDRY. 

Space-Groitp Ct^. — (Hexagonal Axes.) 
One equivalent position: 

(a)OOu. (b)Hu. (c)Hu- 

Three equivalent positions: 

(d) uHv; 20, Hf v; u, 2u, v. 

Six equivalent positions: 

(e) xyz; y-x, X, z; y, x-y, s; 
yxz; X, x-y, z; y-x y z. 

Space-Groxtp C/t- — (Hexagonal Axes.) 
One equivalent position: 

(a) OOu. 

Tvx> equivalent positions: 

(b) Hu; fiu. 

Three equivalent positions: 

(c) uuv; Otlv; tlOv. 

£»tx equivalent positions: 

(d) xyz; y-x, X, z; y, x-y, z; 
yxz; X, y-x, z; x-y, y, z. 

Space-Gboxtp CaV. — (Hexagonal Axes.) 

TiDO equivalent positions : 

(a) OOu; 0, 0, u+ J. (c) H u; f , i, u+ J. 

(b) i i u; i i u+i 

£>tx equivalent positions: 

(d) xyz; y-x, X, z; y, x-y, z; 

X, x-y, z+J; y, X, z+|; y-x, y, z+|. 
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Spacb-Gboup C^. — (Hexagonal Axes.) 

Two equivalent positions: 

(a) OOu; 0, 0, u+§. (b)i|u; f, i u+J. 

Six equivalent positions: 

(c) xyz; y-x, x, z; f, x-y, z; 

y, X, z+J; X, y-x, z+i; x-y, f, z+J. 

Spaci><jboup Cat. — (Rhombohedral Axes.) 

One equivalent position: 

(a) uuu. 

Three equivalent positions: 

(b) uuv; vuu; uvu. 
Six equivalent positions: 

(e) xyz; zxy; yzx; xzy; zyx; yxz. 
SpAcihGnoup CSf. — (Rhombohedral Axes.) 
Two equivalent positions: 

(a) uuu; u+i, u+J, u+i. 

Six equivalent positions: 

(b) xyz; zxy; yzx; 

x+i, z+i, y+i; z+i, y+i, x+i; y+J, x+i z+|. 

D. ENANTIOMORPHIC HEMIHEDRY. 

Space-Gboup DJ. — (Hexagonal Axes.) 

One equivalent position: 

(a) 000. (c) HO. (e) HO. 

(b)00f (d)iH. (f) fii. 

Two equivalent positions: 

(g) OOu; OOa. (i) Hu; H^l- 

(h)ifu; Htl. 

Three equivalent positions: 

uaO; 2a, (1, 0; u, 2u, 0. 
(k) nUi; 20, Q, §; u, 2u, }. 

fSix equivalent positions: 

G) xyz; y-x, X, z; y, x-y, z; 

X, x-y, z; yxz; y-x, y. z. 
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Spacs-Gbottp Ds. — (Hexagonal Axes.) 
One equivalent position: 

(a) 000. (b)OOi 

Two equivalent positions: 

(c) OOu; OOa. (d) i|u; HQ. 

Three equivalent positions: 

(e) uuO; OaO; aOO. (f) uuj; Oai; Q0|. 

Six equivalent positions: 

(g) xy«; y-x, X, z; y, x-y, z; 
yx2; X, y-x, 2; x-y, y, 2. 

Space-Groxtp I^. — (Hexagonal Axes.) 

Three equivalent positions: 

(a) uQj; 2Q, Q, }; u, 2u, 0. 

(b) utlf; 20, (1, J; u, 2u, i. 

iSix equivalent positions: 

(c) xyz; y-x, x, z+i; y, x-y, z+f; 
y-x, y, z; y, X, l-z; x, x-y, J-z. 

Space-Gboup D«. — (Hexagonal Axes.) 

Three equivalent positions: 

(a)u00; QQJ; Ouf (b) uOJ; aQ|; Ouf. 

Six equivalent positions : 

(c) xyz; y-x, X, z+i; y, x-y, z+f; 

x-y, y, i; y, x, J-z; X, y-x, J-z. 

Space-Gboup DJ. — (Hexagonal Axes.) 

Three equivalent positions: 

(a) uaj; M, Q, f; u, 2u, J. 

(b) utl§; 20, 0, i; u, 2u, 0. 

Six equivalent positions : 

(c) xyz; y-x, X, z+|; y, x-y, z+i; 
y-x, y, i; y, X, J-z; x, x-y, |-z. 

Space-Gboup DJ. — (Hexagonal Axes.) 

Three equivalent positions: 

(a) uOO; OuJ; OOf. (b) uOi; Ouf; OOi. 

Six equivalent positions : 

(c) xyz; y-x, X, z+|; y, x-y, z+J; 

x-y, y, 2; y, x, J-z; X, y-x, |-z. 
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Space-Group DJ. — (Rhombohedral Axes.) 
One equivalent position: 

(a) 000. (b) Hi 

Two equivalent positions: 

(c) uuu; Qati. 
Three equivalent positions: 

(d) udO; QOu; Outi. (e) uui; uixi; Jua. 
Six equivalent positions: 

(f) xyz; yzx; zxy; yXz; xzy; zyx. 

E. HOLOHEDRY. 

Space-Group DJu. — (Hexagonal Axes.) 

One equivalent position: 

(a) 000. (b) OOJ. 

Two equivalent positions: 

(c) if 0; HO. (e) OOu; OOQ. 

id) Hi; Hi 

Three equivalent positions: 

(f) HO; ojo; ioo. (g) H *; OH; ioj. 

Four equivalent positions: 

(h) Hu; iiQ; fiu; fffl. 

/Six equivalent positions: 

(i) utiO; 20,(1,0; u, 2u, 0; fluO; 2u, u, 0; u, 2u, 0. 
(j) ufli; 2a, u, i; u, 2u, i; uui; 2u, u, i; u, 2u, J. 
(k) uuv; Oav; tiOv; uO^; uQv; Ouv. 

Twelve equivalent positions: 

(1) xyz; y-x, x, z; y, x-y, z; x, x-y, z; yxz; y-x, y, z; 
xyz; x-y, X, z; y, y-x, z; x, y-x, z; yxz; x-y, y, z. 

Space-Group D^. — (Hexagonal Axes.) 

TiDO equivalent positions: 

(a) 000; 00*. (c) ifO; Hi 

(b)OOi; OOi. (d)H*; 1*0. 

Four equivalent positions: 

(e) OOu; OOti; 0, 0, J-u; 0, 0, u-hi 

(f) Hti; Hti; I, i i-u; |, i u+i 
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Space-Gboup Dm (eanUnued). 
Six equivalent positioDfl: 

(g) Hi; OH; ioi; io}; Hi; oif 

(h) udO; 2Q, Q, 0; u, 2u, 0; Qu^; 2u, u, i; a, 2Q, }. 

Tiaebv equivalent podtions: 

(i) xyz; y-x, X, z; y, x-y, z; 

X, x-y, 2; yX2; y-x, y, z; 

X, y, i-z; x-y, X, i-z; y, y-x, J-z; 

x, y-x, z+i; y, x, z+i; x-y, y, z+i. 

Spacb-Gboup DJ^. — (Hexagonal Axes.) 

One equivalent position: 

(a) 000. (b) OOf 

Two equivalent positions: 

(c) OOu; OOQ. (d) i|u; Ha. 

Three equivalent positions: 

(e) HO; oio; ioo. (f)iii; OH; iof 

Six equivalent positions: 

(g) uuO; OnO; QOO; QtiO; OuO; uOO. 
(h)uui; Oaj; QOi; atii; Oui; uOJ. 
(i) uiiv; 2Q, ti, v; u, 2u, v; uut; 2u, u, v; u, 2a, 9. 

Twelve equivalent positions: 

(j) xyz; y-x, x, z; y, x-y, z; 

S, y-x, z; yxg; x-y, y, i; 

xyz; x-y, X, z; y, y-x, z; 

X, x-y, z; yxz; y-x, y, z. 

Space-Group Dgd. — (Hexagonal Axes.) 

Two equivalent positions : 

(a) 000; OOf (b) OOi; OOf 

Fotjtr equivalent positions: 

(c) OOu; a; 0, 0, J-u; 0, 0, u+i. 

(d) Jiu; iia; i i i-u; i |, u+i 

Six equivalent positions: 

(e) Oii; iOi; Hi; OH; iOi; Hi 

(f) uuO; OaO; aOO; aaj; Oui; uOf 

Twelve equivalent positions: 

(g) xyz; y-x, x, z; y, x-y, z; 
X, y-x, z; yx2; x-y, y, z; 

X, y, i-2; x-y, X, i-z; y, y-x, J-z; 
X, x-y, z+i; y, X, z+i; y-x, y, z+J. 
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(e) HO; iOi; OH- 



auO; uOa; 
tlu^; u}u; 
atlv; iil^tl; 



zyx. 



OQu. 



SpACS-CrBOUP Dm- — (Rhombohedral Axes.) 
One equivalent position: 

(a) 000. (b) JH. 

Two equivalent positions: 

(c) uuu; tlfltl. 

Three equivalent positions: 

(d) OOi; OiO; iOO. 

Six equivalent positions: 

(f) uQO; aOu; OuQ; 

(g) ua|; Qju; iufl; 
(h) uu v; uvu; vuu; 

Twelve equivalent positions: 

(i) xyz; yzx; zxy; yxz; 5czy; 
xfz; yzx; zxy; 3^x2; xzy; 

o} Spacb-Group D^. — (Rhombohedral Axes.) 

Two equivalent positions: 

(a) 000; Hi (b)iH; HI 

Four equivalent positions: 

(c) uuu; Qtltl; i— u, i— u, i— u; u+J, u+J, u+J. 

Six equivalent positions: 

(d)iii; Hi; IH; Hi; iii; iii 

(e)utlO; QOu; Outt; 

i-u, u+i, i; u+i, i, |-u; i, i-u, u+J. 

TtoeZt^ equivalent positions: 

(!) xyz; yzx; zxy; 
yX2; Xzy; zyX; 

i-x, i-y, i-z; i-y, J-z, J-x; J-z, i-x, J-y; 
y+i, x+i z+J; x+l, z+i, y+i; z+§, y+J, x+J. 

HEXAGONAL DIVISION. 

A. TRIGONAL PARAMORPHIC HEMIHEDRY. 

Spacs-Gboup Ci. — (Hexagonal Axes.) 
One equivalent position: 

(a) 000. (c) HO. 

(b)OOi. (d)iH. 

Two equivalent positions: 

(g) OOu; OOa. (i) Hu; Htl. 

(h)i|u; ifa. 



(e) HO. 

(0 Hi. 
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Space-Group Ci {cfmiinued). 
Three equivalent positions: 

(j) uvO; V— u, Q, 0; ^, u— v, 0. 
(k) uvi; v-u, u, i; ^, u-v, J. 

Six equivalent positions: 

(1) xyz; y-x, x, z; y, x-y, z; 
xyz; y-x, x, z; y, x-y, z. 

B. HEMIHEDRY WITH A THREE-FOLD AXIS. 

[Trigonal Holohedry,) 

Space-Group Di. — (Hexagonal Axes.) 

One equivalent position: 

(a) 000. (c) \iO. (e) f fO. 

(b)OOi. (d)4H. (0 iH. 

Two equivalent positions: 

(g) OOu; OOti. (i) Hu; HQ. 

(h) i i u; H u. 

TAree equivalent positions: 

(j) uGO; 2u, Q, 0; u, 2u, 0. 
(k) uuj; 2u, Q, i; u, 2u, J. 

/Stx equivalent positions: 

(1) uvO; V— u, d, 0; v, u— v, 0; 

u, u— V, 0; vGO; v— u, v, 0. 

(m)uvi; v-u, u, i; v, u-v, i; 

u, u— V, i; i^tii; v— u, v, J. 

(n) utiv; 2Q, Q, v; u, 2u, v; uQ^; 2a, % ^; u, 2u, ^. 

Twelve equivalent positions: 

(o) xyz; y-x, x, z; y, x-y, z; 

X, x-y, 2; yxz; y-x, y, z; 

xyz; y-x, x, z; y, x-y, z; 

X, x-y, z; yxz; y-x, y, z. 

Space-Group Da*h. — (Hexagonal Axes.) 

Two equivalent positions: 

(a) 000; OOi. (d)4ii; \\l 

(b)OOi; OOi (e) HO; Hi 

(c) HO; iH. (f) JH; Hi 

Four equivalent positions: 

(g) OOu; OOti; 0, 0, J-u; 0, 0, u+f 
(h)ifu; iiG; i |, i~u; i f, u-hi 
(i) Hu; fiQ; |, i i-u; |, i uH-J. 
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y, x-y, z; 
y-x, y, f; 
y» x-y, i-z; 
y-x, y, z+i. 



Space-Group D£ (con^miced). 
£itx equivalent poBitioDs: 

(j) uQO; 2Q, u, 0; u, 2u, 0; uai; 2Q, a, i; u, 2u, i 
(k) uvi; v-u, a, i; ^, u-v, i; 

u, u-v, }; vQf; v-u, v, f. 

Tn^eZve equivalent positions: 

G) xyz; y-x, X, z; 

X, x-y, z; yxz; 

X, y, i-z; y-x, x, i-z; 

X, x-y, z+i; y, S, z+J; 

Space-Group Di. — (Hexagonal Axes.) 

One equivalent position: 

(a) 000. (b) OOi 

Two equivalent positions: 

(c) iiO; HO. (e) OOu; OOQ. 

(d)Hi; §H. 

Three equivalent positions: 

(f) uuO; OQO; QOO. 
Four equivalent positions: 

(h) Hu; HQ; if a; f Ju. 
iStx equivalent positions: 



(g) uui; OQJ; QOf. 



(i) uuv 
0) uvO 

vuO 
(k)uvi 

vuj 



Oav; QOv; 
V— u, % 
Q, V— u, 
v-u, a, J 
u, v-u, i 



Ttoefo6 equivalent positions 



tiO^; uu^; 
^, u-v, 0; 
u— V, 9, 0. 
^, u-v, i; 
u-v, ^, i. 



oav. 



(1) xyz; y-x, x, z; 

X, y-x, z; yxz; 

xyz; y-x, X, 2; 

X, y-x, z; yxz; 



y, x-y, z; 

x-y, y, 2; 
y, x-y, z; 
x-y, y, z. 



Space-Group D^,. — (Hexagonal Axes.) 
Tu)o equivalent positions: 

(a) 000; OOi 

(b) OOi; OOf 

Four equivalent positions: 

(e) OOu; OOQ; 0, 0, i-u; 0, 0, u+f 

(f) Hu; an; I I i-u; f, i u+§. 



(c) ili; IH. 
(d)iH; Hi 
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Space-Group D^ (continued). 
Six equivalent positions: 

(g) uuO; OaO; tlOO; uuj; OQi; aOJ. 
(h) uvi; v-u, Q, i; % u-v, J; 
vuf; a, v-u, i; u-v, % }. 

Twelve equivalent positions: 

(i) xyz; y-x, x, z; y, x-y, z; 

X, y-x, 2; yxz; x-y, y, i; 

X, y, J-z; y-x, X, J-z; y, x-y, J-z; 

X, y-x, z+i; y, X, z+J; x-y, y, z+f 

C. HEXAGONAL TETARTOHEDRY. 

Space-Group CJ. — (Hexagonal Axes.) 
One equivalent position: 

(a) OOu. 

Two equivalent positions: 

(b) Hu; Hu. 
Three equivalent positions: 

(c) J J u; J u; J u. 
/Stx equivalent positions: 

(d) xyz; y-x X, z; y, x-y, z; 
xyz; x-y, x, z; y, y-x, z. 

Space-Group CJ. — (Hexagonal Axes.) 

Six equivalent positions: 

(a) xyz; y-x, x, z+i; y, x-y, z-f-f; 

x, y, z+J; x-y, x, z+f ; y, y-x, z+i 

Space-Group CJ. — (Hexagonal Axes.) 

Six equivalent positions: 

(a) xyz; y-x, x, z+f; y, x-y, z+i; 

X, y, z+i; x-y, X, z+i; y, y-x, z+f. 

Space-Group CJ. — (Hexagonal Axes.) 

Three equivalent positions: 

(a) OOu; 0, 0, u+J; 0, 0, u+i 

(b) Hu; 0, J, u+§; J, 0, u+f 

Six equivalent positions: 

(c) xyz; y-x, x, z+f; y, x-y, z+i; 
xyz; x-y, X, z+f; y, y-x, z+f 
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Spacb-Gboxtp Ce. — (Hexagonal Axes.) 
Three equivalent positions: 

(a) OOu; 0, 0, u+i; 0, 0, u+|. 

(b) Hu; 0, i u+J; i, 0, u+f. 

Six equivalent positions: 

(e) xyz; y-x, x, z+i; y, x-y, z+|; 
Xyz; x~y, x, z+i; y, y-x, z+|. 

Space-Group CJ. — (Hexagonal Axes.) 

TiDO equivalent positions: 

(a) OOu; 0, 0, u+f (b)Hu; f i u+f 

Six equivalent positions: 

(c) xyz; y-x, x, z; y, x-y, z; 

X, y, z+i; x-y, x, z+i; y, y-x, z+i 

D. HEMIMORPHIC HEMIHEDRY. 
Spacb-Gboup Ci^. — (Hexagonal Axes.) 

One equivalent position: 

(a) OOu. 
Two equivalent positions: 

(b)Hu; Hu. 
Three equivalent positions: 

(c) iiu; Oiu; JOu. 
Six equivalent positions: 

(d) uuv; Otlv; tiOv; Qtiv; Ouv; uOv. 

(e) utiv; 2Q, a, v; u, 2u, v; Quv; 2u, u, v; Q, 2Q, v. 

Twelve equivalent positions: 

(f) xyz; y-x, x, z; y, x-y, z; 
Xyz; x-y, x, z; y, y-x, z; 
X, y-x, z; yxz; x-y, y, z; 
X, x-y, z; yxz; y-x, y, z. 

Space-Gboup CJv. — (Hexagonal Axes.) 

Two equivalent positions: 

(a) OOu; 0, 0, u+f. 
Four equivalent positions: 

(b)ifu; fju; f, i u+i; i |, u+|. 
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Space-Group Cey (continued). 
Six equivalent positions: 

(c) iiu; OJu; iOu; 

i, i, u+J; 0, J, u+i; i, 0, u+f 

Twelve equivalent positions: 

(d) xyz; y-x, x, z; y, x-y, z; 
xyz; x-y, X, z; y, y-x, z; 

x, y-x, z+J; y, x, z+i; x-y, y, z+J; 
X, x-y, z+J; y, X, z+J; y-x, y, z+f 

Space-Group C^V — (Hexagonal Axes.) 

Ttt^o equivalent positions: 

(a) OOu; 0, 0, u+f 
Four equivalent positions: 

(b)J§u; I, i u+J; Hu; i J, u-f-^ 
(Six equivalent positions: 

(c) uuv; Otiv; iiOv; 

u, ti, v+J; 0, u, v-t-i; u, 0, v+J. 

Twelve equivalent positions: 

(d) xyz; y-x, x, z; y, x-y, z; 

X, y, z+i; x-y, X, z+i; y, y-x, zH-J; 

X, y-x, z; yxz; x-y, y, z; 

X, x-y, z+J; y, x, z+i; y-x, y, z+J. 

Space-Group CeV — (Hexagonal Axes.) 

Two equivalent positions: 

(a) OOu; 0, 0, u-hi (b)iiu; |, *, u+J. 

Six equivalent positions: 

(c) uuv; 20, a, v; u, 2u, v; 

% u, y+i; 2u, u, v-hi; G, 2Q, v+J. 

TtwZve equivalent positions: 

(d) xyz; y-x, x, z; y, x-y, z; 

X, y, z+i; x-y, X, z+i; y, y-x, z+i; 
X, y-x, z-hi; y, x, z-f-J; x-y, y, z+J; 
X, x-y, z; yxz; y-x, y, z. 

E. PARAMORPHIC HEMIHEDRY. 

Space-Group Ceb- — (Hexagonal Axes.) 
One equivalent position: 

(a) 000. (b) OOJ. 
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Space-Group Ci (continued). 
Two equivalent positions: 

(c) HO; fJO. 

(d)H4; IH. 

Three equivalent positions: 

(f) HO; OiO; iOO. 
Four equivalent positions: 

(h) Hu; f iu; Hti; Hu. 

Six equivalent positions: 



(e) OOu; a. 



(g) Hi; OH; 4oi 



(i) Hu 

(j) uvO 

u^O 

(k)uvi 



OJu; JOu; Hu; OH; ioa. 



V— u, G, 
u—v, u, 
v-u, Q, J 
u-v, u, J 



^, u-v, 0; 
V, V— u, 0. 
V, u-v, i; 
V, v-u, i 



Tweljve equivalent positions; 

(1) xyz; y-x, x, z; y, x-y, z; 

xyz; x-y, x, z; y, y-x, z; 

xyz; y-x, x, z; y, x-y, z; 

xyz; x-y, x, z; y, y-x, z. 

Space-Group C^li. — (Hexagonal Axes.) 

Two equivalent positions: 

(a) 000; OOf (c) HO; f i i 

(b)OOi; 00}. (d)Hi; fio. 

Four equivalent podtions: 

(e) OOu; OOil; 0, 0, J-u; 0, 0, u-f-f 

(f) Hu; Hti; f, i i-u; J, i u-t-i 

iSix equivalent positions: 

(g) Hi; OH; io}; Hi; OH; Hi. 

(h) uvO; V— u, ii, 0; t, u—v, 0; 
tivj; u—v, u, i; v, v— u, J. 

Ttf'ebe equivalent positions: 



(i) xyz; 




y- 


-X, 


X, 


2; 


y, 


X- 


-y, 


z; 


X, y, 


z+i; 


X- 


-y, 


X, 


a+i; 


y, 


y- 


-X, 


z+i; 


xyf; 




y- 


-X, 


X, 


2; 


y, 


X- 


-y, 


2; 


X, y, 


i-z; 


X- 


-y. 


X, 


J-z; 


y, 


y- 


-X, 


J— z. 



F. ENANTIOMORPHIC HEMIHEDRY. 

Space-Gboup DJ. — (Hexagonal Axes.) 

One equivalent position: 

(a) 00. (b)00i. 
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Space-Gboup De {continued). 
Two equivalent positioiis: 

(c) ifO; HO. (e) OOu; OOQ. 

(d)iH; Hi 

Three equivalent positions: 

Cf) HO; oio; ioo. (g)H*; OH; iof 

Four equivalent positions: 

(h) Hu; Hu; Hn; ifti. 

fStx equivalent positions: 

(i) Hu 
Q) uuO 



(k) uui 

(1) uao 

(m) u J 



0}u; iOu; Htl; OH; ^tl. 
OQO; uOO; atiO; OuO; uOO. 



OHi; flOi; a a J; Oui; uOf 

2Q, Q, 0; u, 2u, 0; QuO; 2u, u, 0; a, 2Q, 0. 

2Q, a, i; u, 2u, i; Qui; 2u, u, i; a, 2Q, f. 



Tioelve equivalent positions: 

(n) xyz; y-x, X, z; y, x-y, z; 

xyz; x-y, X, z; y, y-x, z; 

X, y-x, z; yxf; x-y, y, z; 

X, x-y, z; yXz; y-x, y, 2. 

Spacb-Gboup DJ. — (Hexagonal Axes.) 

Six equivalent positions: 

(a) OuO; uOi; Qfl|; OQj; aOf; uu^ 

(b) ua*,; 2Q, a, }; u, 2u, r,; uuB; 2u, u, J; tl, 2a, rr 

Twdoe equivalent positions: 

(c) xyz; y-x, x, z+i; y, x-y, z+f ; 
X, y, z+i; x-y, x, z+f; y, y-x, z+J; 
X, y-x, z; x-y, y, |-z; y, x, J-z; 

X, x-y, i-z; y-x, y, J-z; y, X, f-z. 

Spacb-Gboup DJ. — (Hexagonal Axes.) 

Six equivalent positions: 

(a) OuO; uOf; aai; Oai; QOi; uuf. 

(b)utlra; 2Q, a, }; u, 2u, i^; aua; 2u, u, i; a, 2Q, li. 

Twdoe equivalent positions: 

(c) xyz; y-x, x, z+J; y, x-y, z+J; 

X, y, a+i; x-y, X, z+J; y, y-x, z+f; 

X, y-x, z; x-y, y, i-z; y, x, J-z; 

X, x-y, i-z; y-x, y, f-z; y, X, f-z. 
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Spacb-Gboxtp D(. — (Hexagonal Axes.) 

Three equivalent positions: 

(a) 000; oof; 00}. 
(b)00}; OOi; 00|. 

Six equivalent positions: 



(c) i i h 

(d) i i I; 



OJO; 

OH; 



(e) OOu 

ooa 
(0 Hu 

}011 
(g) uu} 
(h)uu« 
(i) uQ} 
a) udf 



0, 0, u+l; 
0, 0. }-u; 
0, i u+f; 
0, i, i-u; 

oao; aof; 

OQi; QOi; 



0, 0, u+i; 
0, 0, i-u. 
h 0, u+h 

k, }, f-u. 
nai; OuO; 
OtlJ; 



Ou}; 
Qui; 
Ouf; 



uOf. 

uOt. 
2u, u, 0; 
2u, u, }; 



2Q, Q, 0; u, 2u, |; 
2Q, m, i; u, 2u, i; 

Tteefoe eqmvalent positions: 

(k) xyz; y-x, X, z+f ; y, x-y, z+f ; 

Xy«; x-y, X, 8+i; y, y-x, z+i; 

X, y-x, 2; x-y, y, |-z; y, x, f-z; 

X, x-y, S; y-x, y, \-z; S, X, }-z. 

Sfacb-Gbottp Dg. — (Hexagonal Axes.) 

Three equivalent positions: 

(a) 000; OOi; 00}. 
(b)00}; OOf; 00}. 

Six equivalent positions: 



(c) } } }; 

(d) } } }; 



0}}; 
0}0; 



(e) OOu 

ooa 

(f) }}u 
iOQ 

(g) uu} 
(h) uu} 
(i) uO} 
(j) UO} 



0, 0, u+}; 
0, 0, }-u; 
0, i u+}; 
0, }, }-u; 

on}; aof; 



0, 0, u+}; 
0, 0, }-u. 
}, 0, u+}; 

}. }, }-u. 
tltl}; Ou}; 



OQO; QO}; 00}; 
2Q, Q, }; u, 2u, }; 
2Q, Q, 0; u, 2u, }; 

Twdoe eqmvalent positions: 

(k) xyz; y-x, X, z+} 

xyz; x-y, X, z+} 

X, y-x, «; x-y, y, }-z 

X, x-y, 2; y-x, y, }-z 



OuO; 
Uu}; 

Uu}; 



uO}. 
uO}. 
2u, u, }; 
2u, u, 0; 



y, x-y, z+}; 
y, y-x, z+}; 
y. X, }-z; 
y, X, }-z. 



Space-Gbottf D(. — (Hexagonal Axes.) 

Tvoo equivalent positions: 

(a) 000; 00}. (c) }}}; 

(b)00i; OOf (d)}}}; 



}}}. 
}}}. 



}0}. 
}0}. 



Q, 20, }. 
0, 20, }. 



}0|. 
}0}. 



0, 20, }. 

0. 20, }. 
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THE HEXAGONAL 8PACE-<]}ROUPS dS-D^. 



Space-Gboup De (earUinued). 
Four equivalent positions: 

(e) OOu; a; 0, 0, u+i; 0, 0, i-u. 

(f) Hu; fia; I, i, u+1; f, |, J-u. 

Six equivalent positions: 

(g) uuO; OQO; a 0; afl|; Ou}; uO|. 

(h)utli; 20, a, i; u, 2u, i; auj; 2u, u, }; Q, 2Q, f 

Tweke equivalent positions: 



(i) 



xyz; y-x, x, z; 

Xi y, 2+i; x-y, X, z+i; 

X, y-x, f; x-y, jr, f ; 

X, x-y, J-z; y-x, y, J-z; 



y, x-y, z; 

y, y-x, z+i; 

yxz; 

y, 5c, i-z. 



G. HOLOHEDRY. 



Space-Group Den- — (Hexagonal Axes.) 

One equivalent position: 

(a) 000. (b) OOf 

Tv)o equivalent positions: 
(c) iiO; iiO. 

(d)JH; Hi 

Three equivalent positions: 
(f) HO; OJO; §00. 

Four equivalent positions: 
(h)Hu; Hu; HO; 

iStz equivalent positions: 



(e) OOu; 011. 



(g) HI; OH; ioj. 



HQ- 



(i) Hu; 


Oiiu; ^Ou; H^; O^Q; ^OQ. 






a) uuO^ 


; OQO; QOO; flaO; OuO; uOO. 






(k)uu|; 


; OQi; aO}; QQ); Ou); uO). 






(1) utlO; 


; 2Q, n, 0; u, 2u, 0; OuO; 2u, u, 0; 


Q, 


2tl, 0. 


(m)utli; 


; 2Q, tl, i; u, 2u, i; ttuj; 2u, u, i; 


Q, 


2a, i. 


^A>e equival 


lent positions: 






(n) uuv 


; OQv; QOv; QQv; Ouv; uOv; 






uu^ 


; Oa^; QO^; uQv; Ouv; uOv. 






(o) uQv 


; 2a, a, v; u, 2u, v; Ouv; 2u, u, v; 


ti, 


2a, v; 


ua^ 


; 2ti, G, ^; u, 2u, 9; Uuv; 2u, u, ^; 


% 


2u, V. 


(p) uvO; 


; V— u, a, 0; 9, u— v, 0; 






Q^O; 


; u— V, u, 0; v, v— u, 0; 






Q, V- 


-u, 0; u— V, 9, 0; vuO; 






u, u- 


-V, 0; V— u, V, 0; ^aO. 







THE HEXAGONAL SPACE-GROUPS D^-Di. 
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Space-Group D^ {continued). 

(q) uvi; v-u, a, i; % u-v, J; 

a^i; u-v, u, i; V, v-u, J; 

tl, v-u, i; u-v, i^, i; vui; 

u, u— V, J; V— u, V, J; ^Qj. 

Twenty-Jour equivalent positions 



(r) xyz; 

xyz; 



y-x, X, z 
x-y, X, z 



X, y-x, z; x-y, y, z 



y-x, s, 2 
x-y, X, z 
x-y, y, z 



y, x-y, z; 

y, y-x, z; 
yxz; 

yxz; 

y, x-y, z; 

y, y-x, 2; 

yxz; 



X, x-y, 2; y-x, y, 2 

xyz; 

xy5; 

X, y-x, z; 

X, x-y, z; y-x, y, z; yXz. 

Space-Group D^h. — (Hexagonal Axes.) 
Two equivalent positions: 

(a) 000; OOf (b) OOJ; OOf 

Four equivalent positions: 

(c) ifO; 1*0; Hi; IH. 

(d)iH; Hi; Hi; Hi 

(e) OOu; a; 0, 0, J-u; 0, 0, u+J. 

iStx equivalent positions: 

(f) HO; OiO; iOO; Hi; Oii; iO*. 

(g) iii; Oii; ioi; iii; OH; iof 

EighJt equivalent positions: 

(h)iiu; Hu; I, i, u+J; i J, u+i; 
ifti; fitl; I, i i-u; i f i-u. 

Tii>efoe equivalent positions: 

(i) iiu; Oiu; iOu; 
iia; O^Q; }oa; 
i, i, i-u; 0, i, i-u; 
i, i, u+i; 0, J, u+i; 



i, 0, i-u; 
i, 0, u+i. 



a) uuO 
uu^ 

(k) UUO 

uQi 
0) uvi 

Qi^i 

vui 

^ai 



OuO; tiOO; tidO; OuO; 
on}; dOi; fia}; Oui; 
2Q, Q, 0; u, 2u, 0; tiuO; 
2Q, a, i; u, 2u, i; dui; 



uOO; 

uOf 
2u, u, 0; 
2u, u, i; 



d, 2d, 0; 
d, 2d, i. 



v-u, d, i 
u-v, V, i 
d, v-u, i 
u, u-v, i 



^, u-v, i; 
V, v-u, i; 
u-v, % i; 
v-u, V, i. 
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tamubb: nooLDnc akd mosiocunic stbtemr. 



The f oOoiriiif tabfes p itw id e a wiuHij f of the number and kiads of 
difleivnt anauyuifiita to be obtained front eacb of the tgaMf ^nwnw In 
theae tabtihrtinni the ejmbol 1 (0), for imtaaee, g g ni fie s one ana aBLUiua 
(a apeeial eaae) baring no Tariable paiametetB; omihaiy the asrmbol 3 ^2 
would mean three ana nymeiiU haTing two variaUe paiameten each. 



Tamm Z.—TBICUNIC 8TBTE1L 



1 

Spaee-Gfoup. 


Number of 
eqoivBlent pontMNM. 


1 


2 


Ci 


1(3) 
8(0) 


• • • • 

1 (3) I 


B. HoMeiry: 
d 


^^1 »**■•**■•■••■• 


J 



Tabub 4.— MONOCLINIC SYSTEM. 



Spaoe-Oroup. 



A. Henihedry: 

c: 

c: 

c: 

cj 

B. Hmtnmorphie 
htmHudry: 

CJ 

CJ 

C! 

C. Holohedry: 

C|, 

Cih 

cs, 

Ci 
th» • 

Cu 

CI 



1 



2(2) 



• • > P 



• • • • 



• • • • 



4(1) 



■ ■ • • 



8(0) 



• • • • 



• ■ • • 



• • • • 



Number of eqtdvBlent poeiti on B. 



1(3) 
1(3) 
1(2) 



1(3) 
1(3) 
2(1) 



4 (1); 2 (2) 
4 (0); 1 (2) 

4(0) 

4 (0); 2 (1) 
4(0) 



1(3) 
1(3) 



1(3) 



1(3) 

1(3) 
f2(0) 

2(1) 
.1(2) 

1(3) 

1(3) 
4 (0); 1 (1) 



1(3) 



• ■ • • 



1(3) 



tables: orthorhombic system. 
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QQ 
O 

n 

I 

I 



I 



i 



I 
M 



M 



M 



CO CO 

■ •••••••••••••••• ••• 

fH iM 

CO CO CO CO CO CO CO *^ CO CO co 

********** ^"4 v^ v4 v4 ^"4 ^^ v**4 ^^^^ ^iB^ 9^4 ^H^ vi^ 

cocococococococococo'^e*^c^*^'^^»-i .cqi-h^ 

N^i' >.■<' N— ^ "«•-• ^-i' ^-^ Ni^ N«^ Nm^ >■-' • •» ^""^ '""^ ^""^ • •» ••»*'**' ^"-^ , Ni^ ^B*' ,^ 

pHvHi-lt-tf-Mi-Hi-4i-Hi-Hi-H^f-4COCO ^^^^ »^ * W C*l ^ 

^*^ ■•«••■••••••■•■■•■... 

• ■••••••••••■•■■■■la, 

"^ 

I n n n H M H n n i n n : 

Jc ::::::::::::::::::::: : 

^, i M i M M ; ; M i ; ; ; ;..; Mi; 
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tables: triclinic and monocunig systems. 



TABLES. 

The foUowmg tables provide a sumnutry of the number and kinds of the 
different arrangements to be obtained from each of the space-groups. In 
these tabulations the S3rmbol 1 (0), for instance, signifies one arrangement 
(a special case) having no variable parameters; similarly the symbol 3 (2) 
would mean three arrangements having two variable parameters each. 



Tabub 3.— triclinic SYSTEM. 



Space-Group. 


Numbar<rf 
equivalent poeitions. 


1 


2 


A. Hemihedry: 
Ci 


1(3) 
8(0) 


• • • * 

1(3) 


B. Halohedry: 
d 


-f-r^ ****«<«^*4 



Tablb 4.— MONOCUNIC SYSTEM. 



Space-Group. 



A. Hemihedry: 

CJ 

c: 

c: 

c; 

B. HBfnifnoTpkic 
hemihedry: 

CJ 

c; 

CJ 

C. HoMudry: 

CJ. 

CJh 

CJ. 

% 

Cih 

C|b 



2(2) 



4(1) 



8(0) 



• • • • 



Number of equhralent pontions. 



1(3) 
1(3) 
1(2) 



1(3) 
1(3) 
2(1) 



4 (1); 2 (2) 
4 (0); 1 (2) 

4(0) 

4 (0); 2 (1) 
4(0) 



1(3) 
1(3) 



1(3) 



1(3) 

1(3) 

f2(0) 

2(1) 
.1(2) 
1(3) 
1(3) 
4 (0); 1 



(1) 



8 



• ■ • 



1(3) 



1(3) 



tables: orthorhombic system. 
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I 

QQ 
O 



O 
P 



t 

s 

e2 



a 

I 

1 

I 

J 

iz; 



*0 



c* 



CO CO . . 

. . V..XN_«' 

»H rH 

icS'rococow'wco^^wcow 

fH ^H 1-^ fH ^H f-4 f-H ^ t-H ff-4 1-H f-H 

W'w'w CO W'CO CO w*co W ^ ^^W '^ '^ CU'Ch' i^^*^ 

^■■^ ^"'^ ^'*'^ ^"^^ ^'"'^ ^^ ^"'^ ^""^ ^""^ ^""^ , ^ >»i*' >«-<i' >»*' ,^ , ^>>,m^ >m^ ^ >„^ >*m0^ ,^ 

»Hi-Hi-l»-li-<f^^H^H»-l»-«^^COCO^^»-li-< 'C^C^O 

"'*-"'*^ '*"^ •-. . ^«— '>—'*>— «' . ^>-^ '*— ' . . ^— ^ . . . . ! '^-^ 

^ C^ "^ '^ • C^ ^ C^ -C^CSI • CSI -csi 

■ ' 
•^ 

I ; M ; U M M M ; H M M M : 

I ::::::::::::::::::::: : 
Jc ::::::::::::::::::::: : 

^ M : ; ; ; ; ; M ; M ; M l; ; ; ; ; 
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tables: orthorhombic system. 



o 
O 



i 

! 

I 
I 







I 



i 

o 

m 

o 

I 

s 

e2 



C^ 



• • 



. CO CO ^H CO CO 

• »-H 1-4 CO •-• i-H 



CO CO CO CO CO CO CO CO CO CO 00 CO CO CO CO 



cocococo^^^^o*^*^ 

V«4FHf-Hv-4C9t^^QOCO 



g5^COf-i«C0N^C0WW3' 

• ■te a*^ ••K a*^ vab vvv ■■% a*^ •» ' ' 

*® o ^O ^O ^O ^O ^ 

y,.^ y^^ y^^ y,.^ V«^ >«•>.■• '•ta-' >«■• 

e^QOC^oiococse^c^ 



•H c« 



•1 1-H f-H . . O . O 

CV| ^ C4 • • -^ • -^ 



^ p o o 
eq -^ 00 ^ 



c^ 






• • 



www 




.M N ^ 


§ 




^^ 


Sss 


09 


e^ e«i c« 






• 
• 


«* e<i • 


m 



o 

00 



00 






• • • 



• ■ 



>:^>:>;&:>;^^^ |>'5i">'"5-V5fti-e.-5i'|f h.- 5.-5.^1^ 



tables: orthorhombic system. 
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O 

o 

GQ 
O 
PQ 

o 
o 

US 

a 

n 

e5 



O 



a 

1 
•3 

•s 

I 

a 






. 00 CO 



• • 



• • 



• • 



CO 



N 1-1 
eo w'coco CO ^ ^ CO 

CO CS| 



CO 



CO CO 



00 



CO O 



^^ '^i^' '^^' - '^^' vf^ «a^ sa^ m ws • •• ^"^^ • •% ^^^ ^^ ^"^^ • "^ • ^ 
—V "^ V — ■■■^'.w^ Si^V^ C^^l^ ^»^ V • C^ >«-i^ 



C^ 1-H 



3 
c^ 






O CO 



3 






M 



S : : : : :S 



s 



• ■ 



• • 



• • 



■ • 



> > > >>>>>>> > >> 
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tables: tetragonal system. 



Table 6.— TETRAGONAL SYSTEM. 



Spaoe-Group. 



A, Tetartohedry of the 
second Sort: 

s: 

s; 



B, HemiJiedry of (he 
second Sort: 
vi 



Number of equivalent positions. 



4(0) 



V3. 
V3. 

vj. 
vj. 
vj. 
vj. 
vj. 

Vi" 
Vi' 



C. TeUuiohedry: 

c; 

c; 

c; 

cj 

C} 

CJ 



4(0) 



2(1) 



D, Paramorphic 
hemihedry: 

^4)1 

Cih 






4ta 



4h 



c 



4h 



c« 



4h 



4(0) 



3(1) 
4(0) 



(0);2 
6(0) 

(0); 1 
2(0) 
4(0) 



(1) 
(1) 



2(0) 



1(1) 

■ • • • 

3(1) 

■ ■ • • 

1(1) 

■ • • • 



2 (0); 2 (1) 

6(0) 
2 (0); 1 (1) 

2(0) 

2(0) 



1(3) 
2(1) 



5 (1); 1 (2) 
7(1) 

1 (1); 1 (2) 

2(1) 
3(1) 
4(0) 
4(0) 
4(0) 
4(0) 

2 (6)V i (1) 

2(0) 



1(3) 
1(3) 

1(3) 
1(3) 
1(1) 
1(1) 



1 (1); 2 (2) 
3 (1); 1 (2) 

2 (0); 1 (1) 
2 (0); 2 (1) 

2 (0); 1 (1) 
2(0) 



8 



16 



1(3) 



1(3) 
1(3) 
1(3) 
1(3) 

2(1); 2 
5(1) 
4(1) 
4(1) 
2(1) 
4(0) 

3 (1); 1 
2(1) 



(2) 



(2) 



1(3) 
1(3) 



1(3) 
1(3) 
1(3) 
1(3) 
1(0) 
1(1) 
11(2) 
(0); 1 



(1) 



1(3) 
1(3) 
1(3) 
1(3) 
2 (1); 1 (2) 
4(1) 
1(3) 
1(3) 



32 



1(3) 
1(3) 



1(3) 
1(3) 



tables: tetragonal system. 
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Table 6.— TETRAGONAL SYSTEM (Continued). 



Spaoe-Group. 



E, Hemimorphic 
hemihedry: 

a 



c* 



Number of equivalent positions. 



2(1) 



4v 



c 



4v 



a. 

CIO 
4v 
pll 
^4v 

^4v 



F. EnanHomarphic 
hemihedry: 

Dl 

DJ 

DJ 

DJ 

DJ 

DJ 

DJ 

DJ 

DJ 

DJ* 



G. Holohedry: 
DJ 



DJv 
DJh. 
Dj 



4h' 



D' 
D* 
D' 
D* 
D* 



4li< 



4h 



4h 



4li- 



4b- 

DIO 
4h- 
DU 
4h- 

DU 
4h- 

DU 
4h- 
DM 
4h- 
D16 
4h- 
DI4 
4h- 

D" 
4h- 

D« 
4h- 

Dl» 
4h* 
DSO 
4h- 



4(0) 



4(0) 



1(1) 
2(1) 

2(1) 

1(1) 
2(1) 

1(1) 
3(1) 

• ■ • ■ 

1(1) 



2 (0); 2 (1) 
2 (0); 1 (1) 



6(0) 
2(0) 



■ ■ • • 



2(0) 



2 (0); 2 (1) 

4(0) 

4(0) 

2(0) 

4(0) 

2(0) 
2 (0); 1 (1) 

■ • • ■ 

6(0) 
4(0) 

■ • • ■ 

2(0) 

• ■ • « 

2(0) 
2(0) 

• • • • 

2(0) 



3(2) 
1(2) 

(i);i 
(1); 1 

1(1) 
1(1) 

2(2) 

2(1) 

1(1) 
2(1) 

1(1) 



(2) 
(2) 



2 
2 
2 

2 
2 
2 



4 
2 



7(1) 
3(1) 
3(1) 

1(1) 
9(1) 
4(1) 
3(1) 

1(1) 

(0); 1 

2(0) 



7(1) 
(0);2 
(0);2 
(0); 1 

4(1) 

(0); 1 
(0); 1 
(0);l 

7(1) 
(0);4 

4(0) 
(0);l 

4(0) 
(0);3 

2(1) 
(0);1 
(0); 1 

4(0) 

2(0) 



(1) 



(1) 
(1) 
(1) 

(1) 
(1) 
(1) 

(1) 

(1) 

(1) 

(1) 
(1) 



8 



1(3) 
1(3) 
1(3) 
1(3) 
1(3) 
1(3) 
1(3) 
1(3) 
2(2) 

1(2) 
1(2) 
1(1) 



1 



1(3) 
1(3) 
1(3) 
1(3) 
1(3) 
1(3) 
1(3) 
1(3) 
5(1) 
4(1) 



5(2) 
4 (1); 1 (2 
4 (1); 1 (2 
1(0); 4(1 

3(2) 
2 (1); 1 (2 

2 (1); 2 (2 
1 (0); 2 

1 (1); 3 

3 (1); 2 

1 (0); 6 
6 (1); 1 
3 (1); 1 
1 (1); 2 
(0); 1 (1); 1 
3 (1); 1 (2 
1 (0); 4 (1 
1 (0); 3 (1 
2(0); 1(1 
2(0) 



(1 
(2 
(2 

(1 
(2 
(2 
(2 



2) 



16 



■ ■ • 



1(3) 
1(3) 
1(3) 
1(3) 



1(3) 
1(3) 



1(3) 
1(3) 

1(3) 

1(3) 

1(3) 

1(3) 

1(3) 

1(3) 

1 

1 

1 

1 

1 

1 



32 



(3) 

(3) 

(3) 

(3) 

(3) 

(3) 
1(3) 
1(3) 

1 (1); 3 (2) 

2 (1); 2 (2) 
2 (1); 1 (2) 
1 (0); 3 (1) 



1(3) 
1(3) 
1(3) 
1(3) 
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tables: cubic ststem. 





i 

1 
1 

M 

a 
1 


1 


t 


• • • • 














• • • 


















s 


■ 






^^^^ ^^^^ • • • 

. CO CO 

■ • • • ■ 




• CO .CO 

• • • • 




















t 


■ 
i 






















' 




















9 


^^^s • ■ • 

. CO . . . 

• • • • 

• ^^ * ■ * 




»H CO .CO 




■ S w • 3S 

■ rl 1-H • C« 1-H 




CM 


■ 


• • ■ ■ 




• ^^^ ^"s • • • 
^^ '^^ • • ■ 

• • ■ a • 




a ft • • ^^^ ■ 

■ • • ■ ^^ • 
« ■ • ■ • 

• • ■ • ^i^ 














• 


CM 






1(3) 
1(3) 

1 (0); 1 (1) 

1(2) 
1(3) 
1(1) 




g 

CO ^'^ CO o"^ 

^ C^ ^»-i CM i-« 


1 


O 


« >'"s . • • 

^^ • a • 

• • • • 

• »^ • • • 




• ■ ■ ■ 

• N »-< • ^H 




^^^ ... ^^^ 

. ■ . « 


CM 


^ * CS| 1-H ^ 




S3 • -3 • 




»«H • ipH ^^ • <?^ 

»-H f-H 


• 

s 


00 


• ■ 3 • S 

• • • 

. • T-H • 1-H 




3S©§§3s 

1-H »-l ^ C^ ^ 1-H « 




. . »-• "-H O 
• i-H 1-H CM 


n 


O 


s • § • ■ 




3s • •§ • 

^ 1-H • • 1-H • • 




3 •§§ ■ 

CM • t-H CO • • 




•^ 


1-H '•I* ■ ^ • 




:g§ : : o : 




Cng : : : : 

■ ■ • • 

.-i '^j* • • • ■ 




CO 


g : : : : 
c^ • ■ • • 






: : : : g : : : : : 
: : ; : ; csi • • • * *• 




CM 


: :S : : 

• • • • 

• 1-H 




:g 

• 

• 1-H 


• g • • 

• 1-H • • 




• ^-i ^H 
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TABUiS: HEXAGONAL 8TSTEM. 



Tabli 8.— hexagonal SYSTEM. 

I. RaOHBOHIDBAL DiTISIOir 
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tables: hexagonal system. 
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